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The two computer programs. described in this report-& simulation

model of vehlcle-traffic through fields of emplaced sensors, and a pat-

tern detection algorithm of two-way traffic through an emplaced sensor

field--were developed as part of Rand's investigation of the employment

of USAF tactical air forces for interdiction campaigns. /The study was

in part responsive to a request by the Commander, Eglin Air Force-Bse,

for assistance in conducting and evaluating the Duns Moon sensor-system

tents initiated by former Secretary of Defense Robert McNamra.

The programs described here will provide the Air Force vith a means

for exploring the effectiveness of various types of emplaced sensor

fields. In addition, they permit a first step toward creating an auto-

matic capability that should prove superior to the manual methods cur-

rently used to evaluate information piovided by fields of emplaced

sensors.a
Full information to operate both computer program. is provided.

The report is intended to assist Air Force and other Department of De-

fense agencies in exploring the usefulness of emplaced sensor fields,

in making decisions concerning their use, and in designiol and operat-

ing appropriate data-processing techniques. This report should be used

in conjunction with Anthony P. Ciervo, Automatio Traok Identification:

An Adaptive Pattern Recognition AZgorit•n, The Rand Corporation, R-1187-

PR, January 1973



This report provides the necessary information for using tvo sep-

arate computer progrms: (1) a simulation model of vehicle traffic

through fields of emplaced magnetic, acoustic, or seismic sensors; and

(2) a pattern detection algorithm of two-way vehicle traffic Lhrough a

field of emplaced sensors.

The simulation model supplies the user with a device to simulate

detection patterns of different sensors under varying veh:lcle-flow and

background (false-alarm) conditions. In addition, it provides inputs

"to the pattern detection algorithm allowing precise verification of the

pattern recognizer's ability to detect vehicle flow.

The pattern detection algorithm is designed to accept inputs from

the simulation model to allow proper selection of critical parameters.

It is also designed to accept real-world data--both actual detections

and false alarms--of vehicle flow past fields of sensors., The algorithm

is adaptive in that it will eliminate from consideration sensors that

provide incorrect information based on previous performance. The pat-

tern detection algorithm, when used with the simulation, will specify

the number of vehicle convoys actually detected and the number of vehi-

cle convoys incorrectly identified. Actual times of detection and di-

rection are produced for each supposed convoy identified.

This report should be used in conjunction with Rand report R-1187-

PR (see Preface above), which describes the analytical basis for these

ttro computer programs.

lMlgJIM pMgo MANk
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i. INTRODUCTION

The simulation model described here deals with the detection of

vehicle flow through a field of emplaced sensors. The model permits

the user to explore the sensitivity of various sensors to single or

multiple vehicle traffic in two directions, simultaneously, through a
*

string of sensors. Three levels of backround disturbance (false

alarms) may be specified by the user. The Individual sensor detec-

tions--vehicles and false alarms--may be stored on an external medium

(tape or disk) for later use by the pattern recognition algorithm

(described in Part B), thus serving as a verification and parameter-

selection device for that algorithm.

The simulation model was written in the SIMSCRIPT II$ language for

use on The Rand Corporation IBM 360/65 computer. It requires a region

size of 76 k bytes and standard input and output devices. Written as

an experimental model for that machine, it may require some modifica-

tions for other installations.

This part of the report provides a brief description of the proces-

sing performed by the simulation model and controlled by the user, some

limitations of the model, a detailed description of inputting data to

the model, a description of simulation output, and an interpretation of

error messages provided by the simulation.

* An analytical treatment of this model is described in R-117-PR,
cited in the Preface.

tThe particular version was SIMSCRIPT 11.5 marketed by Consolidated

Analysis Centers, Inc.

Fsft wmPP~
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II. PROCESSING PERFORMED

Single or multiple vehicle traffic (convoys) traversing a sensor
string in two directions may be simulated with the model. Sensor sen-

sitivity may be specified or based on randomly drawn degradation from
some nominal sensitivity, depending on the actual sensor characteristics
the user wishes to duplicate. Each sensor is capable of multiple de-
tections as long as a vehicle is within the aensor's sphere of influence
and the sensor is capable of detection. Detection would not be possible
if the sensor were in the dead-time period immediately following a pre-
vious detection.

Realism is introduced into the simulation by permitting sensors to
be exposed to several levels of background disturbances (false alarms)
that can also result in detections. The output of the model includes
statistics on convoys, convoy size, and average detections for each sen-
sor per convoy, per unit time, and per vehicle. Statistics are also
presented on false alarms. The model is capable of a visual display of
detection patterns and storage (on tape or disk) of detections for use
by the pattern detection algorithm.

The user may specify the foilowing:

1. The length of the road segment along which a specified number
of sensors are to be equidistantly emplaced.

2. The probability of detection of a vehicle within a sensor's
sphere of influence. This is expressed as an isosceles tri-
angular distribution (except in the case of magnetic sensors,
which can be specified to have a single detection probability
p). The accuracy of the detection computation is controlled

by an integration step size specified by the user; the smaller
the integration step size (i.e., increasing the number of
divisions of each triangle), the more accurate the determina-

tion of a detection of a vehicle or group of vehicles. How-
ever, too large a number of integration increments severely
slows siumiation execution. We have experienced good results



for 1 to 9 vehicle convoys and velocities of 10 to 50 mph

using 50 to 75 increments.

3. The base of each triangle, which would represent the sphere

of influence of a perfect sensor emplaced in the center of

the road segment.

4%. A normal distribution of location deviations a sensor would

experience if emplaced by air. The simulatinn can thus intro-

duce the realism of air-delivered sensors by degrading the

sphere of influence of each sensor. Further, realism is in-

troduced by allowing the user to specify a probability that

the sensor will be destroyed on impact. If the user desires,

all triangles representing sensors may have identical

characteristics.

5. The time a sensor cannot transmit immediately after a

detection.

6. The spacing between vehicles in a convoy as a function of

convoy velocity.

7. Convoy generation rate as a Poisson process, the probability

of various numbers of vehicles in a convoy, and beta distri-

bution of convoy velocities, which change at each sensor.

8. Three levels of background disturbances (false alarms):

ambient, low, and high. These would represent the environ-

ment the user wishes to simulate. Each false-alarm level

occurs as a Poisson process, with a uniform random duration

specified for each. If two false-alarm levels arrive simul-

taneously, the one with the higher level is considered active.

All sensors are exposed equally to false alarms, which are

also a Poisson process.

9. Whether a visual-time printout of actual detections is de-

sired. This printout shows vehicle detections (differenti-

ated by direction), false-alarm detections, and firot and

last vehicle passage past the midpoint of each sensor.

10. The total number of convoys to be simulated or the total time

to be simulated.
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III. RESTRICTIONS AND L114ITATIONS

The following restrictions and limitations of the model should be

observed:

1. Each sensor is equidistantly spaced along the road segment, L,

as illustrated in the diagraA below,

v tL

Thus, detections may start as early as b/2 before the road

segment; likewise, they may enc as late as L + (b/2).

2. Because of coumutational restrictions, sensor midpoints may

not be closer to one another than b/2.

3. Although the simulation accommodates traffic flowing in two

directions, it does not permit vehicles passing one another

in one direction. Whenever a convoy enters a sensor's sphere

of influence and there is already a convoy of slower velocity

ahead of it, the velocity of the convoy will be set equal to

that of the earlier convoy.

4. Computations of detections of convoys going in opposite direc-

tions through the same sensor are performed independently.

5. There must be a minimum of three sensors in a string.
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IV. HOW TO USE THE SIMULATION MODEL

INPUT DATA FORMATS

A datum requiring a decimal point is shown by (D); a datum re-

quiring an integer value is shown by (I); and a character datum is

shown by (A). Other parenthetic symbols represent the variable name

internal to the program.

Data are entered in free format. The only restrictions are that

there must be at least one space between entries, and a datum of iero

mu3t be entered. Data may be continued on a new card.

New Card--Convents Card

Any comments, taking up to eighty columns, the user desires to

title the output listing.

New Card(s)--Sensor and Control Information

a. Print control (PRINT.MAP) (L)

If a graph of detections and false alarms is

desired as the simulation progresses, enter 1.

Otherwise, enter 0.

b. Number of convoys (MAX.NBR.CONVS) (I)

The maximum nvmber of complete convoy passages

desired before stopping the s2.m'lation.

r. Time control (MAX.TIME) (D)

The maximum length of siruulated time (minutes)

allowed fcr the sinulation. Simulation halts ac the
first corpleted convoy passage whose completion time

is greater than thib value. V
d. Road segmeltt Iength (ROAD.LGNTH) (D)

length of road segment in meters.

e. Number of sensors (N.SENSORS) (I)

Number of equally spaced sensors along the road

segment. Must be greater than 2.
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f. Integration increments (I)

Enter 1, if magnetic sensors are desired;

otherwise, enter the number of triangular distri-

bution increments.

g. Maximum permitted triangle base (NOMINAL.BASE) (D)

b, base length, in meters, of a perfect sensor

dropped in the center of the road.

h. Destruction probability (PROB.DEAD) (D)

The probability (0 < p < 1) a sensor will be

destroyed on impact.

i. Normal distribution standard deviation (STD.DEV) (D)

The standard deviation in meters of the spec-

if ied normally distributed drop pattern of sensors

about the road.

j. Sensor dead time (D1LAD.TIME) (D)

The time, in minutes, that the sensor cannot

transmit after a detection. Must be greater than

zero.

k. Coefficient (AREA) (D)

(1) If the sensors to be simulated are magnetic

sensors, enter the probability of the sen-

sors' ability to detect. Must be less thatt

or equal to 1.0.

(2) For runs where a constant base is desired

for all sensors, enter the height of the

sensor triangle. Each base will be the value

entered for maximum base in item g above.

(3) For simulation of sensors distrtbuted about

the road, enter the coefficient c 1 .

1. Coefficient two (C.2) (D)

For simulation of sensors distributed about the

road, enter the coefficient c 2 . Otherwise, enter 0.0.

See R-1187-PR for a discussion of how these constants should be
computed.
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a. Random seed (SEI.V()))

Enter any of the ten random seeds shown In

Appenitt A. The sequence of random numbers thui

started selects the distribution of mensors about

the road. On subsequent runs, entering the same

number will yield the some random number stream,

or entering a new number will yield a different

stream.

n. Base control flag (RAM.NBR) (D)

If all sensor triangles are to have the same
base, enter 1.0. The base will be that in Item g

above. Then enter the height of the triangles In

item k (2) above. Otherwise, enter 0.0.

o. Truck spacing (SPACE.FACTOR) (D)

Enter the spacing, in meters, desired between

trucks for each kilometer per hour of convoy velocity.

p. Constant convoy generation flag (CONSTANT.CON) (I)

Entering 1 will cause all convoys to be gener-

ated with a constant interarrival time at the spec-

ified mean rate. Otherwise, enter 0.0.

New Ccad(e)--Truoke in Convoy Die•tribution

Pai•is of Values

lot Cumulative prob, p1 (D) of number of trucks, T1 (I)

2d Cumulative prob, P2 (D) of number of trucks, T2 (I)

nth Cumulative prob, Pn (D) of number of trucks., T (I)

Enter an asterisk (*) after Tn.

Now Card(s)--Westbound Convoy Information

a. Convoy rate (RATE.CNV) (D)

Mean of a Poisson distribution. The average

number of convoys generated per minute.
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b. Mean convoy velocity (MEOA.VEL) (D)

Mean of a beta distribution. The average

velocity of the convoys in kilometers per hour.

c. Modal convoy velocity (MODE.VEL) (D)

Mode of a beta distribution. The modal

velocity of the convoys in kilometers per hour.

d. Upper bound on velocity (UPPoR.BND) (D)

The highest possible velocity of a convoy

in kilometers per hour.

e. Lower bound on velocity (LOWER.BND) (D)

The lowest possible velocity of a convoy in

kilometers per hour. Must be greater than zero.

f. Direction name (DIR. SYMBOL) (A)

The convoy direction may be designated by

using any four letters. For convenience, WEST

is suggested. Such a convoy will always start at

sensor 1.

Neo Card (e)--Eaetbound Convoy Infomation
Enter items a through e as for the westbound convoy. The values

may be different. The entry for f can be EAST or any other four-letter

symbol. Convoys for this direction always start at the nth sensor.

Now. Card (a)--Fa Zee-AZarm Inforwttion

a. Ambient arrival rate (LAM) (D)

This is the arrival rate of false alarms of the

lowest density (level 1). It Is the mean of a

Poisson process. It is entered as number per minute

for a single sensor.

b. Medium arrival rate (LAM) (D)

Arrival rate of false alarms of the medium

density (level 2); false alarms in number per min-

ute for a single sensor.
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c. Kaxzimum-level, 2-burst length (US) (D)

Upper bound of a uniform distribution determin-

gng burst length of a level-2 false alarm in minutes.

d. Minlmum-level, 2-burst length (LB) (D)

Lower bound of the uniform distribution that

determines burst length of a level-2 false alarm in

minutes.

e. Arrival rate of level-2 bursts (GAM) (D)

The rate at which bursts of level 2 arrive. The

man of a Poisson process In number per minute.

f. High arrival rate (LAM) (D)

Arrival rate of false alarms of the highest

density (level 3); false alarms in number per minute

for a single sensor.

g. Maxtmum-lovel, 3-burst length (UB) (D)

Upper bound of a uniform distribution that de-

termines burst length of a level-3 false alarm in

minutes.

h. Minimus-level, 3-burst length (LB) (D)

Lower bound of the uniform distribution that

determines burst length of a level-3 false alarm in

minutes.

i. Arrival rate of level-3 bursts (GAH) (D)

The rate at which bursts of level 3 ari ,ve. The

mean of a Poisson process in number per minute.

A SM LE DATA DICK

The following figure (from A•pendix 3) shows a sauple data deck

punched from the above input data formats:

T.IS IS f-1 E A'.',.F F TWE S I'.. AT1•Tr ;-I4 L 7 1'1.. 197,'
?o 1-onn. 1nroi.,s 5o 2oniO n.? 0.0 2').0 0.15 00. 0010 A1095').0} 1 .0 0•

n.1 t. .3 (). 0.2 3 0.6 4 0.0 5 1.0 0..0.1 74.f0 20.0 3130 15.0 WJFST
0.0I6 74.0 ?n.o 45.fl 13.S FAST

0.S I' . i .0 0.S 0.? 3.0 0.5 0.01 fi*0$



-.12-

A 1000-aster road segment tus been selected an which five sensors have

bown equIdistantly spaced aad dropped randomly. Vehicles traverse the

road s~egnt :in two directions.

-MENKI To SugLAflCU OUTIPUT

Ftgure 1 shows a sample of the description of the Input data deck

and scge of its ramifications. This description is produced by each

simuslation rur.. The first line after the heading is a repeat of the

commet card in the data deck. The second line gives the data control-

Lin the length of the simulation in convoys generated and/or total time.

4**SIONLAT ION OP TRAIL CONVOVI MOVING [it TWO DIRICTIONS THRU A SENSOR RIELD 04404

THIS 1S AN EXAMPLE OF THE SINILATION Iuh' 2 OEK 19"2
SIMLATIP ""ITs IF Tine oxclaos 1000.0000 MNI. OR CONVOYS E1NGRATED IExCEliD to

444' SENSOR PARAMITERS .

ROUTE SIONUNT is 100000 Nf. MIT" 5 IOIMLLV SPACED SENSORS.
1A494 WITH MOININ" ease OF "90.00 N.
THE Cuo . FOR COMSPUTN EIdiTm ass OCsI 40.00 ICES 1000.00

MAEY SENSOR. TRIANISI AS 30" IUNCHNSTS.
"Ta PROwl THE SENSOR is DEAD ON IMPACT is .200. STANDARD DEVIATION
FROM THE WOAS IS 10.0. THE DEAD TINE OP A SENSOR AFTER ACTIVAION
IS .190 NIH. THE RAISUON S110 POR SILECTING TRIANGLES IS 8190"09.0

44SENSOR ATIRIDUTIS ~
SENSOR SAS§IN.I SLOPE 9 DELTAS DELTASiN.I AREA, DRAOIaII

1 210.00 .00140 1000 1.00

a 4.0 .019 1013247*73 ."M12 4.9111 3.0? 4.0.007491 44

0:0010. 0.94 3.19"

**CONVOY INFORMAT ION #0.

OISWANCE NINeEN TRUCKS IN A CONVOY Is l.00m N. FOR EACH KWHINS
91SIISOUTION OF TRUCAS IN A CONVOY

TRUICAS CWWIAT Iva "MO
1 .100

3 .600
1 900

Too "EST DIREICTION tAS A CONVOY RatS OF .900 P"E "nI. WHICH IS ONE
9411vY EVER ISO00 N1H. TIN AVG VELOCITY IS 24.0 91NPMb.
THE NOM VELOCITY IS 20.09 1114/14. THE SLOWEST IS 19.009 MUNRO
A NS THUFATEST IS 19.040 VUNP~.. 91 IS R.1t$ AgoDK 16 so$"S

Tug9 EAST DIRECTION HAS A CONVM RATO OF .0460 PER NoH. WHICH IS ONS
C ONVO EVER 14.4T HIM. too A06 VELOCITY IS 24.0 %W0401.
THE H"E VELOCITY Is 80.00 KWHV. two SI3WST isIS 1.0 UNVtS.

AND T"a FASTEST is '39.00 KWM'R.. Ril IS 8.144 AND K& Is 8.410

POLSE "PARN INPORMAT ION "
ALARIN LEVEL "AI.RNSIN4IN NIHgUSEGIN N001AX &VAST 111IN4 ARRININ

2.9900
To"*0 #600 6.000 .800I

3AD 1100010 .9410 .090

Fig. I- Desciption of input data deok&
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Under SENSOR PARIETUS are the length of the road segment in

aeters and the number of sensors. The second line shovs the base size

of a perfect censor emplaced on the road segment, followed by the two

coefficients used to determine tim height of the triangular distri-

bution of the represented sensor. The next line Indicates the number

of increments each triangle will have for computing the probability of

detections. The next three lines contain several items:, the user-

inputted probability that a sensor will be destroyed on impact, the

standard deviation (meters) of the normal distribution that Is used

for randomly selecting the distance from the road that a sensor is emr-

placed after being dropped, the deed time of the sensor, and the random

seed. The random seeds determine the starting point of random draws

from the normal distribution.

SENSOR ATTRIBUTES are the resulting characteristics of each sensor

after its distance from the center of the road is randomly selected

from the normal distribution. The effective base is shown for each

sensor. A zero Indicates the sensor was destroyed on impact or landed

too far from the road to be effective. If it was destroyed on Impact

(shown by a 1 in the column labeled DEAD), it will never transmit false

alarms. The column labeled SLOPE X DELTAS gives the factor that, when

multiplied by the position of a vehicle in the sensor field of influ-

once, will yield the probability of detection at that point. The column

labeled DELTAS (.) gives the width of each increment of the triangular

distribution. During the simulation, a vehicle moves this increment

before a calculation of the probability of detection is made. The column

labeled AREA is the area of each sensor's triangular distribution and

represents the sensitivity of the sensor for detecting vehicles of a

given velocity.

Under CONVOY INFOEKATION the distance between trucks. in a convoy

comes directly from the input data, as does the sioe of convoy distri-

bution. Each time a convoy is generated, a uniform random variate is

drawn to determine the number of trucks in the convoy. For example, if

a number between 0.6 and 0.9 is drawn, the convoy will have five trucks,

or if a number between 0.0 and 0.1 is drawn, it 11l have one truck.
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The next two parag8aphs In Fig. 2 reflect the information on con-

"voys traveling in the west and eaot directions and start with the mean

rate (Poisson process) at which convoys will be generated, followed by

the beta distribution information on convoy velocity. KI and K2 are

the parameterd of the distribution computed from this information. Each

time a convoy starts through a sensor, its velocity Is computed by ran-

dom sampling from this distribution.

Under FALSE-ALARM INFORMATIOW, the three alarm levels are shown

(1 - ambient, 2 - low or medium, 3 - high). They must have increasing

ALAIMS/MIN, which is the mean of the Poisson process that generates

false alarms to sensors when a particular level is on. The ARR/MIN

colmn gives the mean arrival rate (Poisson process) of each level of

false alarms. Of course, if neither alarm-level 2 nor 3 is on, level 1

(ambient) will be. MIN BURST (MIN) and MAX BURST (MIN) are the inputted

minimm and maximum times (minutes) of the uniform istribution of the

duration of level-2 and level-3 false alarms. 4

Figure 2 shows an example of the printed output the user can obtain

by exercising the print-control option (field "a" of the sensor- and

control-input data). The simulated time in minutes is shown down the

left side. The increment of time is the sensor dead time. In the column

for each sensor, E or W represents a vehicle detection for a convoy

traveling from the east or west. The + or - represents the passage of

the first and last trucks of the convoy past the midpoint of a sensor

(+ is for convoys from the east, and - for convoys from the west).

Usually these signs are paired, but occasionally only one is shown. A

single occurrence is the result of (1) the passage oZ only a single

vehicle or (2) a convoy speed that is too fast relative to the time

increments printed. The symbols 1, 2, * represent false alarms of level

1, 2, and 3, respectively.

An example of sumsry statistics relating to false alarms is given

in Fig. 3. SYST3E FALSE ALARMS are the number of times each alarm level

was on during the similation. This item is shown under NO. OF BURSTS.

The average length of time each was on is shown under AVG. BURST LNGTH

CHIN). The number of times each level was on divided by total simulated

time is shown under AVG BURST AlRl/IN. For each sensor the average
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ALAAN LIM. U. OP lUSMTS Af•e lAST L1NBTHIMNli) AVG SOWSt MA0619
-•-•I 1$ $.5309 .11OT

83 15 3.0711 .O1l6?i s .aiM

*, $EIOSO PACSS ALAItKS
51l6"A ALAUNSIIN I LEVISL I LIVEL A LIVML 3 ALL LEVILS

081 ,4 .081 .03* *759
* .1a8 .l8? .032 .°40

3 .261 .41t ."4 .703
0 0. 0. 0. O.
.a853 .04 .0264 07T7

Fig.3 - Fase-alarm suimmary statistics

number of false alarms per minute activating the sensor is shown for

each alarm level and the sum of all alarm levels. Notice the sensor

that was destroyed on impact does not receive any activations.

Figure 4 is an example of s'umary statistics relating to the num-

ber and type of convoys generated during the simulation. The summary

information is presented for each direction and contains the frequency

of each convoy size generated and the total number of trucks generated

"from that convoy size. Relevant totals are also shown.

:1 .'. #9950 OF CONVOYS GI4i0ATiD 0e*.
OIIkCTION a WIST

COWOT SiLt PtIUNiKY TOTAL MKUCKI GEWIRATIC
1 2
3 2 0

61 6S
TOTALSI to IVI 0 0

• IUCIOm I EAST
C0way S$ 19 PRMNICY TOTAL 144"AS WIWERATIO

TOTALS$ t o 42

&A TOtalSo SO 7

i:Fig.4--Convoy sumavry statistics

Figure .5 shows Snlary statistics on sensor activations resultin

from vehicles. For each sensor, the average number of detections over

the Salmilaion Is shown ur. r DMCTIOMS/MllMr; the average number of

detections per generated convoy Is sown under DRUCTIONIS/009VOY; and

1 0
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the average number of detections over all generated trucks is shown

under DETRCTIONS/TRUCL.

AVSASE CGVW h~fCTW IWO. Sy WNW*
"MW8OR DITKIC0I04IIS OTICTIONSnWSVOV MTDCTINSMItUCKPbI oiI .91183 .001*) 8.oe00 .5310l

a .4080 RAM 14Oo
0 . 0. S.5 .:48 0 3.3100 .9*3?

Fig.5-Summary of sensor activations

caused by vehicles

INTERPRETING ERROR MESSAGES

The simulation makes basic checks on the input data for compati-

bility. If some of the input rules have been violated, error messages

of the following type appear after the erroneous data is read:

??? ERROR IN ABOVE LINE.

The processing then halts. The user thus has the incorrect value and

an indication that it is incorrect. He should examine the data input

to see which rule was violated. Examples of violations are negative

road length, a lower alarm rate for level 3 than level 2, and the

probability of destroying a sensor on impact greater than 1.0.

THE OUTPUT FILE

An output file, in the proper format for use by the detection

algorithm, is produced as normal output of the simulation. It contains

all actual detections (as well a" those caused by false alarms), convoy

size, and entry/exit times of convoys into/out of the sensor string.

See Appendix D2 for the format of the output file.

ADDITIONAL INFOU(ATIOU

Appendix B contains an example of a fully setup data deck for

esocution of a simulation on the Rand IZN 360/65 computer installation.

Appendix C is a full source listing of the entire program.

'¾
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PART B: THE PATTERN DETECTION ALGORITHM

f p-
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1.* INTRDUCTION

The pattern detection algorithm * presented here will identify

vehicle tracks in two directions through a field of emplaced sensors.

The algorithm is an adaptive detection mechinism--it continually mea-

sures the performance of each sensor in the string, giving more weight

to information from reliable sensors and less to unreliable sensors.

When a sensor is deemed very unreliable by a user-inputted criterion,

it is dropped from consideration entirely.

The algorithm is designed to operate from data provided by the

simulation model described in Part A or from real-world data. The

algorithm is programmed in FORTRAN IV for the Rand IBM 360/65 instal-
t

lation and requires 178 k bytes of core.

Part B of this report provides a brief description of the pro-

ceasing performed by the algorithm, some limitations of the algorithm,

a detailed description of how to input data to the model, a descrip-

tion of typical algorithm output, an interpretation of error messages

provided by the program, and the format required for inputting actual

sensor detection data.

Detailed analytical description of the algorithm is provided
in R-1187-PR.

Use of this program at other installations that do not have
graphic capability would require removal of the graphic routines and
other minor modifications.

smuP ait
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II. PROCESSING PERFORME

The algorithm begins by examining clusters of activations on a

sensor. If there -re at least w activations no more than 8 minutes

apart, the cluster is defined as a v.a•id strip and a window is opened on

the adjacent sensors (see Fig. 6, p. 25). The window length is primarily

a function of anticipated vehicle velocity. Thus a conjectured vehicle

track (trajectory) is initiated. A valid strip intersecting a window

is defined as an axneeibZe asrip. If a conjectured vehicle track con-

tains at least M admissible strips, the trajectory is confirmed as a

vehicle track. Each admisnible strip in a confirmed vehicle trnck is

called an ASTI (admissible etrip contributing to a track identifica-

tion). The adaptive logic of the algorithm uses the information on

valid strips, admissible strips, and ASTIs for each sensor over time

periods of length B to determine the sensor's reliability. High-

reliability sensors are given more weight and low-reliability sensors

less weight in confirming vehicle tranks. A sensor that continues to

have low reliability is eventually eliminated from the string. Thus,

on the basis of prior information, the algorithm is capable of adapt-

ing its detection ability.

When used in conjunction with the simulation model output, the

algorithm will provide statistics on the actual number of convoys de-

tected and missed. The size of convoy, the weights of each sensor for

each update, and the number of vehicle tracks identified that were not

caused by vehicles will be determined. Graphic output also allows the

user to observe the step-by-step process of identification and the

actual time a particular track is confirmed.

The user may specify the following:

1. The anticipated average, minimum, and maximum velocities of

convoys traversing the sensor string in either direction.

2. 8, the maximum interval between activations in a valid strip.

*

See R-1187-PR for precise definition of terms and analytical
treatment of the algorithm.
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3. w, the minimum number of activations in a valid strip.

4. M, the number of admissible strips required for a tcajectory

confirmation.

5. 'ine length of the road segment.

6. The number of sensors in the string and theic position along

the string.

7. B, the number of trajectories (track identifications) to be

confirmed before updating sensor performance information

(weights).

8. p, the back weight for the smoothing function.

9. C, weight below which an inferior sensor is removed from the

string after D consecutive weight updates.

10. W, a lower bound on sensor weights for confirming vehicle

tracks. The sum of the sensor weights for those sensors con-

tributing admissible strips must be greater than W to confirm
a trajectory.

11. A control parameter allowing visual graphs of sensor activity,

window activity, track-identification Limes, false alarms, and

vehicle activations.

I

-i
5I

h .. ... ! . ...... .. . ... ... ... ......
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III. RESTRICTIONS AN) LIMITATIONS

As currently coued, the following maxixums must be adhered to:

1. B, the number of vehicle tracks to be confirmed (maximum of
50) before updating sensor performance information (weights).

2. Maximum of 15 sensors. (Can be increased to 50 by redimen-
sioning all common arrays in the program. Sufficient infor-
mation is providad in the MAIN routine for a programmer to

make the change.)

3. Maximum of 20 trucks per convoy.

As might be expected, a large number of patterns are possible from
various combinations of valid and admissible strips. Every attempt
has been made to anticipate anomalous behavior of various trajectory

paths.
Figure 6 a shows what might be regarded as the most typical be-

havior and is to be expected in the majority of vehicle tracks. A
valid strip on the first (or a subsequent) sensor opens a window on
the second sensor in which a valid strip falls, thus opening a window
on the third sensor, and so on. Finally, the vehicle track is

confirmed.
Figure 6b presents a case in which a valid strip fails to fall

in a window. The window is just extended to the average convoy veloc-
ity defined by the user. (This illustration requires three admissible
strips to corfirm a vehicle track.)

Figure 6c shows that a vehicle track once begun will be continued
until the end of the string. Although this may seem unnecessary, since
a vehicle track with only one admissible strip can never be confirmed,
it results in fai:.L'• computation time and causes no problems.

Figure 6d illustrates a condition that occurs occasionally. At
the second sensor two valid strips fall in the same window, and their
windows on the subsequent sensor overlap. In this case the program
considers the extremes as one large window.

4-,
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12 3 4

Time

large

c d

jlarge One
winclo Traj 2lag

Traj 1

Symbols: vild strip

.awindow

- trajectory confirmation

FIC.6 -illustration of program's bondling of anomalous behaovior
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Fiaure 6a shows a similar condition, but the windows on the sub-

sequent sensor do not overlap. The extremes are still treated as one

large window--eoept if the lower window wax closed before the upper

window was opened. (Windows are scanned for possibility of closure

by any sensor activation and are closed providing the activation is at

a later time than the time of the upper portion of the window.) In

this situation two separate vehicle tracks are continued along.

Figure 6f illustrates a rare occurrence. Two separate trajec-

tories are so close that valid strips in later windows create ovor-

lapping windows on a subsequent sensor. When this occurs, one large

window is created and given the identification of the lower vehicle
T track. Any previous admissible strips of the upper vehicle track are

transferred to the lower vehicle track.
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VI IG HEINPTDATA

A datum requiring a decimal point Is shown by (D); a datum re-

quiring an Integer valu~e is shown by (1). All date~ entries must fall

within the column limitations specifitd. All integers must be right

justified. Parenthetic symbols are thft internal symbols in the program.

Card 1--Ccoiwente

Any comments the user desires to make to identify the run.

Card 2--input Pezroiwtere

Colo.

1-2 Integer 1 for identification.(I

3-10 Wtcstbouznd average cc'nvoy velocity in kilometers per (D)

hou*r (AVGVTEL(1")).

11-20 Westbound maximum convoy velocity in kilometers per (D)

hour (BBWND(l)).

21-30 Westbound minimum convoy velocity in kilometers per (D)

hour (UPWN(l)).
31-40 Eastbound average convoy velocity in kilometers per (D)

hour (AVGVEL(2)).

41-53 Eastbound maximum convoy velocity in kilometers per (D)

hour (BMMN(2)).

51-60 Eastbound minimum Convoy VelociLy i-a kilometers per (D)

hour (UPWND(2)).

61-70 S. ucaiwim time in minutes permitted between (D)

detection* in a valid strip (.3ETh).

71-30 C, weight below which a sensor is considered for (D)

elimination from the string (CSENS).
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02wd S--X,yst F~zwnet3er (oontinwd)

1-10 W, a loiier bound on sensor weights. The sum of (D)

the sensor weights for those sensors contributing

admissible strips umot be greater then W to con-

fizm a trajectory (WCAP).

11-20 Road segment length in meters (SEGLYT). (D)

21-30 M, the percent of live sensors required to contrib-

ute admalsible strips for trajectory confirmation

(PCTSEN).

31-40 5, the number of trajectories to be confirmed (I)

(maximu of 50) before updating weights (NB).

41-50 D, number of consecutive time periods that a sensor (I)

weight is below C before it is eliminated from the

s- Ling (ND).
51-60 w, the minimum number of detections, no more than (I)

8 minutes apart, required to define a valid strip

(xWcNT).

61-70 TVe number of sensors (maximum of 15) in the string (M)

(NSENSR).

71-78 When requesting SC-4060 graphs, specify the number (D)

of simulation minutes (multiples of ten minutes

only) to be portrayed on each graph (GRAPH).

79-80 If graphs are desired, enter 1; otherwise, 0 (I)

(KAGRAF).

Card 4--Thpzt Pariie tere (con tinued)

Colo.
1-2 If graphs are desired and you wish to see truck (I)

detections, false alarms, and windows separately

identified, enter 1. If the graph is to show only

all impulses with no windows, enter 0 (NOWIND).

3-8 p, the back weight for the smoothing function (RHO). (D)



-29-

C42d S-Distane betueen Soseore

1-2 The integer 2 to identify the card. ()

3-10 Distance between the let sensor and the 2d in meters. (D)

1P-20 Between 2d and 3d. (D)
21-30 Between 3d and 4th. (D)

31-40 Between 4th and 5th. (D)
41-50 Between 5th and 6th. (D)

51-60 Between 6th end 7th. (D)
61-70 Between 7th and 8th. (D)

71-40 Between 8th and 9th. (D)

If there are more then 9, start over on a new card (Cole. 1-10,

11-20, 21-30, etc.). Caution: The sum of the distances nut equal

precisely the length of the road segment.

A SAMPLE ISM DECK
The input deck (shown in Appendix E) is specified in such a way

that the detection algorithm will use the output information of the

simulation that was stored on tape from the example shown in Appendix B.

The following figure is an excerpt from the deck in Appendix I:

CW.2 Col .80

ITHIS IS AN EXAMPLE OF THF PATTERN DETFCT. ALGOR. iUSING S1.,,1tLhTrr ODATA 2/12/112
,4.n "1.*I1 15.0 74.0 35.0 1.(0 0.4C 0605
n.5 inno.o .t7 5 .4 3 5 6,o.01

7 (n.? on) ?s5.0 5O.o 250.0

If the pattern detection is to be run with data other than pro-

vided by the sitmlation, the input tape of activations must be formatted

ao shown in Appendix Dl for actual data or In Appendix D2 for experi-

mental data.
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I1TUITIUG THS PRO"I OUTPUT

Figure 7 shows the first page of the output, which is a summary

of all the input data. Notice on the fifth line that at least 0.67

of the sensors in the string are needed to confivm a vehicle track.

The user should be aware that the computation taking place involves

truncation of the fractional part of the number. Thus 0.67 x 5 - 3.

This is important, for if 0.66 were specified and two sensors were

dropped from the string as unreliable, then 0.66 x 3 - 1, and the

program would halt with an error message, since at least two sensors

are obviously required to identify a track direction. The eighth line

refers to dropping hypoactive sensors, meaning any unreliable sensors,

as determined by the adaptive logic. GRAPHING CONTROL: 1 indicates

that there will be graphs produced. A zero would indicate no graphs.

WINDOWS ON (-l) indicates that the graphs will discriminate between

vehicle detections and false alarms, will display all windows, and

will display confirmed vehicle tracks. The smoothing constant is the

back weight p. The distance between sensors is shown and will always

have 0.0 for the first sensor.

000 PATTERN ACOGNI T ICK FPOl VEHICLE PLOW PAST SENSORS se

THIS IS AN EXAMPLE OF THE PATTERN DETECT. ALGOA. USING SIMULATED OATA 2/12/'2

WISTUJMO 8 AVS. VELOCITY 24.00 KNAIR. MAlXMUM VELOCITY * 35.00 RI11 MINI"UM VFLMCITY a 15.On

gISTSOeouwo AVG. VELOCITY * 24.00 KN/ME. MAXIMUM VELOCITY 3 3S.00 X/HR MINIMUM VELOCIVY - 15.00 K1HR

TN146 ARE 5 SENSORS O3N A ROAD SEGMENT OP 1000.00 N. AT LEAST .&?0 ARE MjEOELU TO CONtIR" TYAJPCTORIES

A VALID STRIP CONTAINS AT LEAST 3 OVITCTIONS NO MORE PHAN 0.400 MIN. APART

V TRAj MUST Of CONFIRMED eFtOR9 UPOATING WIIGNTS. ANY SENSOR HAVING A WT. IIELOW D.Oqo
IS WYPO-ACTIVE AND WILL 51 DROPPED PRO" TIE STRING AFTER 3 CONSICUlIVE PERIOOS.

THE U4p OP WEIGHTS MUST 4 GREATER THAN 0.S00 TO A•CEPT A TRAJECTORY CONFIRMATION.

GRAPHING CONTROL I I MINUTES PER 6RAP, - 60.00 WINDOWS ON l11 * 0

THE SMOOTNING CONSTANT IS - 1.0000

SENSMl C DISIAMCE ll.1

1 0.0

2 ISO.00
3 250.00

9 1550.00

Fig.7- Summary of inpit data

+ ' *. . .. .i . . .+ • + " .. .. • + . .. + . . .. . . .+ ... .+' .... .. ..÷ + +• + + + ++1 ....- .. .. • .. . . . ... L+ . .. . .. .. ... _ __... . ..... " + . . .
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Figpres 8a end Sb show an example of output that gives all rele-

vent infor ation on the progress of the algorithm. If input data are

free th•e simltiou, information is shown on convoys. The SHNS1 column

indicates the sensor being described. The CLOSS-OPIN columns show the

time of the upper and lower portions of the window on the sensor. For

example, the first entry shows a window was opened at 0.764 minutes

and closed at 1.335 minutes for sensor 4.

The column labeled DIR shows the direction of the vehicle track.

1 Is eastbound and 2 is westbound. TRAJ NO. shows the internal tra-

jectory number assigned to the vehicle track. Since vehicle tracks

can be in two directions, there is always a westbouud and eastbound

vehicle track with the same number. An interested user could follow

the progress of a vehicle track using its number and directions. For

ezmle, trajectory 1, direction 1, opened windows on sensor 2 at 0.986

minutes, on sensor 3 at 1.525 minutes, on sensor 4 at 2.086 minutes,

and on sensor 5 at 2.711 minutes. A vehicle track was confirmed at

3.283 minutes for this trajectory, which happened to be a convoy of

five trucks (NRCNDT(5)).

The convoy information portion of the printout (for simulation

data only) shows the time a convoy enters and leaves the string, and

the number of trucks in the convoy. The CONVOY NO. and DIR columns

identify the particular convoy, and the TRUCKS column shows the number

of trucks in the convoy. If there is no entry in this column, it means

that a convoy is leaving the string. For example, the first truck of

convoy 1, direction 1, entered the string at time 0.0 with five trucks,

and the last truck of the convoy left the string at 3.183 minutes.

The algorithm is able to tell if a particular convoy is detected

by seeing if there is any overlap between the last trajectory window

and the convoy transit time. For the example we have been following,

the convoy left the string at 3.183 minutes, and the last window of

the trajectory opened at 2.711 minutes and closed at 3.283 minutes.

Thus the algorithm assumes that the confirmed vehicle track is for

that convoy.

Figure 8b shows that, as requested, weights are updated after

every five trajectory confirmations. The number of valid strips and
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ASTIs on each sensor are shown, as are the updated wI and w1 (resulting

from smoothing). In this particular example no sensors were dropped

from the string; if any had been dropped, they would be shown at this

point.

Figure 9 is an example of summary output provided on convoy detec-

tions. This has meaning only when input data come from the simulation

model or experimental data in the format shown in Appendix D2. For each

convoy size the number of convoys generated and detected are shown. We

see that of the 20 generated convoys 17 were detected by the algorithm.

There were 18 confirmed trajectories. Thus one was a phantom, most

likely resulting from a combination of truck detections and false alarms.

0*e CONVOY SE TICiON SUW*T fet

CONVOY SIE No. SENENATIS NO. NOTECTIo

4 S 43 2 2
4 2 2
* S s

6 3 3
i 0 0
I 0 0

0 0

11 o
aa 0 0
13 0 0

14
1,5 0 0

1& 0 0
11 0 O
16 0 0

20 0 0
TOTAL. S 20 1T

PMANTON TIAJ * I TOTAL CC.IRNeo * ii

Fig .9 - Summary of convoy detections

A stuary of unsmoothed sensor weights at each time period is shown

in Fig. 10. The mean and standard deviations of the weights are shown

for each sensor. A similar summary will follow this one for smoothed

weights containing similar information.

Figure 11 is an example of the optional graphic output of activa-

tions on each sensor with no discrimination as to type of activation

(false alarm or vehicle), and without windows. We have found this out-

put useful in that it is similar to what a human observer would see.
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000 SStSOR WEIGHTS SY TIME PERIOD Se

TIRE PRiO0 SENSOR

1 0.200 0.200 04a00 0.9co o*o00
2 0.350 04.50 0.290 0.0 0.250
3 0.065 0.37 0.167 0.0 0.275

NEAN a 0.3426 0.3436 0.40S& 0.0557 0.2426

STD D0V a 0.0394 0.0394 0.0419 0.1159 0.0394

ITHESE WEIGHlTS ARE NOT SMOOTHED)

Fig. 10 - Summary of sensor weights

A comparison may thus be made between the accuracy of humans and that

of the algorithm in detecting vehicle tracks.

Figure 12 is an example of the same graphic output as is shown

in Fig. 11 but with discrimination of activations, windows, convoy

midpoint passage, and trajectory confirmation shown. The + sign repre-

sents activation caused by vehicles, and the - symbol those activations

caused by false alarms. The + signs to the right or left of the sen-

sor represent passage of the first and last truck of the convoy past

the sensor midpoint. The Z symbols represent windows for conjectured

vehicle tracks moving to the left, and the A symbols, windows of con-
V

Jectured vehicle tracks moving to the right. The - symbol represents

vehicle track confirmation.

INTERPRETING ERROR MESSAGES

Correct the input card for the following errors:

Error

5 ID on card 2 is not 1 in Col. 2.

10 Average velocity of westbound convoys is less than or equal

0 (cc 3-10, card 2).

15 Average velocity of eastbound convoys is less than or equal

0 (cc 31-40, card 2).

20 Maximum velocity of westbound convoys is less than or equal

0 (cc 11-20, card 2).

25 Maximum velocity of eastbound convoys is less than or equal

0 (cc 41-50, card 2).

cc msaais card column.
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Error

30 Minimum velocity of westbound convoys is less than or equal

0 (cc 21-30, card 2).

35 Minimum velocity of eastbound convoys is less than or equal 0.

40 a is less than or equal 0 (cc 61-70, card 2).

45 C is less than or equal 0 (cc 71-80, card 2).

50 W is less than or equal 0 (cc 1-10, card 3).

55 Road segment is less than or equal 0 (cc 11-20, card 3).

60 M results in less than 2 sensors (cc 21-30, card 3).

65 B is less than or equal 0 (cc 31-40, card 3).

70 D is less than or equal 0 (cc 51-60, card 3).

72 The number of sensors in the string is greatar than the

maximum permissible (cc 61-70, card 3).

75 W is less than or equal 0 (cc 51-60, card 3).

80 The sum of the distances between sensors does not exactly

sum to the road segment length (card 5).

117 The user has asked for more minutes of simulated time than

a graph can display. Reduce the number in cc 71-78, card 3.

(Must be a multiple of 10.)

The following errors &re catastrophic, and processing halts unless

otherwise stated. Many call for diagnosis by the maintenance programmer.

We have never experienced these types, but they were included because if

any were to be encountered, the results would be catastrophic.

1.rror

200 A value in thb IDROP array has gone negative. The value,

the sensor number, and simulated time the errcr was aetected

are shown. The maintenance programmer must diagnose.

210 Same as 230 but in the CHKWIN routine.

220 Same as 260 but in the CHKWIN routine.

230 A value in the IDROP array has gone negative; it is detected

in the CUXOVL routine. The sensor number and value are shown.

The mafntcance programmer must diagnose.

-'i i/ "i . .. .. ••q ... "• ...i • • ! ': • .. ..... ,• •''•..... - i .. ... , °•,,• A*
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240 The direction constant K is improper; it is detected in the

CHKOVL routine. The value is shown. The maintenance program-

mer must diagnose.

260 A value of the NOPENT array has b~een detected as negative in

the CHKOVL routine. The trajectory number, direction number,

aind value are shown. The maintenance programmer muot diognose.

270 A value of the NASTC array has been detected as negative in

the CHKOVL routine. The values of NTlJ, K, 12, and NASTC &re

shown. The maintenance programmer must diagnose.

300 The number of trucks in a convoy has been read in as a nega-

tive value from the external deviLs (tape or disk). Thus

the input data are faulty. The negative value convoy number

and time of activation are shown. This error occurred in the
READ routine.

410 A value in . IDROP array has gone negative, as detected in

the TRAJTCI routine. The value, the sensor number, and KL are

shown. The maintenance programmer must diagnose.

500 Same as error 260 but in the CHKADM routine.

510 Same as error 410 but in the CHKADM routine.

520 The number of cells available in the window array plus the

next available storage cell less one is greater than the

cell number of the first open window. The values of the

first open window cell numbor, the next available storage

cell, and I and K• &re shown. The error occurred in the

CHKOVL routIne. The mainteuance programmer musr diagnose.

530 A value in the ?4AVLID array has gone negative in the CHKOVL

routine. Thu value and I, J, and K are shown, The main-

tenance programer must diagnos-.

The following message can also occur:

THERE ARE LESS THAN 'x' SENSORS IN THE STRING. THERE ARE 'y'.
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e�u messes. in foeUied by a lst of all #memor dropped fvom

the vtwlmg (I tUId by 1). Tbs mber of Live setwors has gam below

tt-t asked for ft cc 21-30, card 3.

Appeadix D01 bom the format of input data Lo t•. algorithe that

eam ftoau saurca other thba the s.mulation model. Appendix Z shows

a fully setup data deck for mescuting the algorith, on the Rand 134

360/65 ftetallation from a data tape resulting from tJ* PLumlation

model of Appendix I. Appendix 7 coutainz the full source listing of

the pattern detection algorithm.

,!
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APpmdAz A

-no £eol.4b is a list of windcsam sow ueav WN ine 1oa mcvtb
the Aimlatlsm nodol:

CL) 2llM29
(2) $106509
(3) 4774245

(4) 1797929
(5) 4810653
(6) 6637431

(7) 9443937
(6) 1517245
(9) 1217421

"(0 "46335
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The following In.. fully setup deck to rim the simlation model
anthe R=ad INK 360/65 computer Installation. The output data w~ill

be saved an tape rnumer 002325 for later use by the pattorm detection

//C4300603 ~J0B (S772,16000,20)91AIJTMONY P. CIERVO'.CLASSNA
'//40 EXEC P4MuCNVSIg~qR~F.I41Wu1IOK

//STEPLIS oni nsNafn4s*.LIP.3,DlSP6SI4R
//oo.stutoo2 on sysflhiTa~nCA=flCRCFMugLRECLuR0.fILK~SIZEalR00,litF~eo.I
I/Gon.S14U03 no) sysnUTuA,)C~u(RECFM-F8D .LRECLU133,MLKSIZeU133O,$IJFNflal)

I/GO.SI#410A on lINITO'TAPE-.0SN-a4562,VOLuSC-RmO02325*
// flC~wECFMuVMKLKSIZ~u2404.LRECLs24d,
i flisou(NEW#KEEPI

//G0,SIMWl17 noD SwHrSmSS.'MPR
//cnflsysim Do *

THIS IS AN EXAMPLE OF THE SIMULATION mflDFL 2 DEC 1972
1 20 1000.0 1000.0 5 50 250.0 0.2 20.0 0.15 40.0 1000.0 R108509

0.0 i.0 0
0.1 1 0.3 2 0.4 3 0.6 4 0.9 5 1.0 6

0.1 24.0 20o0 la5.0 15.0 WEST
0.01, 24.0 20.0 35.0 15.S EAST

0.5 1.5 6.0 0.5 0.2 3.n 0.5 0.01 0.05



-43-

MU SOUCE LIVERU 01 TOSEl WLUTIM KOIL

OLD)

PRFAM•i.F M, *oERMAN 3/12/71 PRE6 10
LAST COLI#MN IS 72 to ORES 12

MnRMALLY MOE IS INTEGR
THE SYSTEM WAS A TRIICKS RAWO)lM STEP VARlAALE IN ARRAY I to SIZE CNVYS PRES 14
THE SYSTF# HAS A FT.RICKS IN A4RAY I to PHONEY TO PRINT TRUCKS PRES 16

NORMAILY Mirllf IS REAL
M."FINF GAMMAJ*F, 9 ETAJ.F AS REAL FUNCTIONS PRES 30

PERMANENT ENTITIES PRES 40
EVERY ALRN.LEVEL HAS A LAMOA 00 AVG. TIME OTWEEN FALSE ALARMS (MINI) PREB SO

AND) A 1t14 ,' UPPER MOUND ON UNIFORM DiST OF PRES 60
1 IUR.ST LENGTH (MIN) PREd 70

AND A LA4 00 LOWER MOUND OF BURST (MIN) PRER 00
AND AN nFF.PMT 'S POINT TO THE ALARM OFF EVENT OF PREB 90

*, THE ALARM LEVEL PRES 100
AND A RATE *' AVG. TIME BETWEEN OCCURANCES OF PRES 110

oe THIS LEVEL PREO 120
AND) AN ON.ALARM.TIMF o TIME TURNED ON PRES 122
AND AN ON.COONTER ** NBR. OF TIMES ON PRES 123
AND A TOTAL.ON.TIME *o TOTAL TIME LEVEL IS ON PREB 124
AND A T!ME.AETWFE4 ,' TIME BTWN LEADING EDGES PREB 125

DEFINE OFF,PNT AS AN INTEGFR VARIABLE PRER 130
DEFINF F)(J*Cn0NTER AS A'N INTEGER VAR•IAMLE PREB. 132

EVERY SENSOR HAS AN rJN.TI.E *S TIME ITS READY FOR A TRANSMISSION PRES 140
AD A &DELTAS o' DISTANCE BETWEEN INTEGRATION INCR. PREB 150
ANfD A 8ASE )ISTANCE TO TRAVERSE SENSOR PRES 160
ANI) 6 CDJ.FF 01 YIELL)S INCR. AREA WHEN MIULTIPLIIIJ PREB 17T

10 BY TRI/CK POSITION PRES 1910
AND A KILL.SIG 91 SIGNALS IF SENSOR WAS DESTROYF) ON PRES 190

10 IMPACT I . DEAD 0 - LIVE PRES 200

AND A PRINT.PlISITIOP 01 FOR. THE PRINT MAP OF DETECTIONSPRES 210
AND A LeVFLI.Cf•INT ''COUNTS LEVEL I ALARMS PRES 211
AND) A LEVEL2.,CI•INT *OCOUNTS LEVEL 2 ALARMS PREB 212
AND A L.EVFL3*CfIItNT '°Cnii',TS LEVEL 3 ALARMS PRES 213
AND A DETECT.TRUCK 'CrOIINTS TRUCK DETECTIONS PRE$ 217

DEFINE PQINT.POSITIIIN AND KILL.SIG AS INTEGER VARIABLES PRE$ 221)
DEFINE LEVFL1.ClIINT , LFVEL2.COUNT * LEVEL3.COUNT AS PREB 224

INTEGER VARIA6PLES PRER 225
EVERY RrUITE.O!)RECTION HAS AN IIPPER.sND *' ON VELOCITY BTWN SENSORS PRES 2 10

AND 6 LOWER.eRNO ON VELOCITY OTWN SENSORS PREB 240

ANI) A KI. Is PARAMETER OF A 0 - I BETA DIST PRES ZSO
AND A K2 Of PARAMETER OF A 0 - I META DIST PRES 240
ANI) A nI'i.SYMA01L 10 ALPHA IrENT [IF DIRECTIONPREd 270
AknD A CNV.RATE it MEAN TIME HETWEEN CNVYS PRES 280

DEFINE DI1.SYM•nRL AS AN ALPHA VARIABLE PREd 290
TEMPORARY ENTITIES PREH 300

EVERY FAKE HAS A S..TRIICKS IN WORDI 3 *1 ALLOWS ACCESS TO TRUCKS ARRAYPRE8 304

nEFINE S.TRIJCKS AS AN INTEGER VARIAMLE PRE$ 305
EVERY CONVOIY HAS A NRR.O)-.TRIICKS PRES 310

AND A SPAC(lii(- '11)IST. BETWEEN TRIUCKS (M.I PRES 31O

ANn A VFLIIC ITY It CiURRPNT SPFFI•IM/MIN) PRER 330
AND A SENSR.NHR 00 FtNSFI'R THE LFAD TRUCK IS IN PREM 140
AND A INC.IHI) Of POINTS TO NFXT.SENSOR EVENT PREN 3S0

*' FOR THIS CONVOY PREJI 3h(
ANn A CNV.L 'P01TO ' CUIRRENT LEN6,TH OF THE CONVOY PRE$ 370

ANn A I)IROrCTII(IN ' IN WHICH CONV(!v IS HwADED PREB 38D
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'I -WEST ,2 -EAST PRER 390
AND A NKR.CONV ,I CONVOY MNSUE (COUNT) PRER 392

DEFINE NRR.OF.TRUCKS, SENSR.NSR, INC.iN4, NBR.CONV* PREM 400
DIRECTION AS INTEGER VARIAHLES PREB 410

EVENT NOTICES INCLUME FALSE.ALARN, LARM&OFF, PRNT.MAP PREO 420
EVERY ALARM.RATE.ON "'CHANGES THE FALSE ALARM LEVEL PRES 430

-HAS AN ALoTYPE ** TYPE OF ALAIAM LEVPL PRE% 440
11*"1 - AMSIE-4T, 2 - MEDIUM PRER ISsO
Of 3 - HIGH PRE 46hO

DEFINE AL.TYPE AS AN INTEGER VARIABLE PRER 470
EVERY MID.POINTPASS iP MARKS PASSAGE OF 1ST AND LAST TRUCK PRE6 480

I' TH4OUGH THE CENTER OF SENR09 PReg 490
14AS A CNV.NUMBER 'SCONVOY OMASSING THE mIOPOINT PRER 500
ANO A SN.NO ## THE SENS"OR PEINE EFFECTEI) PREB 510
ANt) A MARK '' 1.- IS7 TRUCK 2.- LAST PRES 514

DEFINE CNV.N0MHER AND SN*NO AS INTEGER VARIABLES PREO S20
EVERY INCREPENT.CHECK I' TESTS FOR DETECTION OF CONVOY PRE$ 530

HAS A SENS.NHR '' SENSOR OF TEST PREB 540
AND A CNVY.NRR It CONVOY BEING TESTED PRE" s5o
AND A DISTetRAV I' CURRENT DISTANCE INTO SENSOnPREB 560

' OF FIRST TRUCK OF CONVOY PREA 570
DEFINE SENS.NBR AND CNVY.NBR AS INTEGER VARIAOLES PRE" SRn

EVERY SCHED.NEXT.Cf'NVOY '' CREATES AND ISSUES ANOTHER CONVOY ORES 590
HAS A CoV.OIRECTII). Of DIRECTION TO "E TRAVERSEI)PREB 600
AND A PRIER.CONVnY It CONVOY IN FRONT PRE4 610

DEFINE CNV.DIRECTION AND PRIER.CONVOV AS INTEGEP VARIA8LES PRER 620
EVERY NEXT.SENSOR 'S STARTS A CONVOY THRIJ THE NEXT SENSOR PRE$ 63n

HAS A CNV.NHR so CONVOY 4EING CONSIlFRE-E) PRER 64•(
AND A VE•GC Of SPEED FOR THE SENSOR PRER 651)
AND A NXT.SENSR '0 THE SENSOR PkEO 660
AND A PRIOR.COKV s' THE CONVOY AHEAD OF THIS ONEPREd 67n
AND A RACK.PUINT *'s THE CONVOY fiEHINI). O-IF NnNEWREB 675

DEFINE CNV.NBR, NXT.SENSR., PRIOR.CONV ANO $ACK.POINT PREh 6HO
AS INTEGER VARIAHLES PREA 640

EVERY nESTROY.CONVnY 't AFTER CONVOY LEAVES STRING DESTY IT PRE8 700
HAS A OEST.CNV 10 THE ClINVOY NtUMBER PRE 710

DEFINE DEST.CNV AS AN INTEGER VARIABLE PRES 720

PREN 730
" GLOBAL VARIABLES PR~ER 740
a. PRE" 7%0

DEFINE SPACE.FACTOQ, 11AFTEIS PER SPEE (MI) PREA 76T
LAMBDA* 1'CURRENT AVG TIME OTW6EN FALSE ALARMS (MIN) PRFP 770
lE&D.TIME, is TIMe SENSuO IS OFF AFTEA AN XMISSIIIN IMIN) PREK TRO

MAX.TIME, 0, StAULATION ENDS.AFTER A CONVOY IS THRIt PRE$ 790
'' SENSOR FIELD AND TIWE.V > MAX.TIME I(IN) PREh 8O0

ROADeLNGTH, '' LENGTH OF SENSOR FIELDIM) PREB RIO
NOnINAL.MASF, B' BASE OF TRIANGLE FOR PERFECTLY AIMED" SENSOR PRER APO
IIST.STWN.SENSOR 01 DISTANCE "ETWEEN SENSOR CENTERS PRE" R30

AS VARIAHLES PRE% A40
D'EFINF Iv Jp K, '' CrINTERS PRF0 RSO

FIN.CNV v 't NI)OER OF rnPLFTED CONVOYS PRER 854
PRINT.MAP* '' SIGNALS CHART PRINTING 0 - NO , I - YES PHEh A60

NM.iIF.CNV,' NutimR OF co)NVfYS GENERATF PqEE A70
MAX.NRR.C0NVSv ' SIMIJtATIO)N STOPS AFTER THIS NANY CONVOYS PRE" RAO

*0 HAVE PASSFn THRU THF FIELn PRE" 890
ERRfe . '' ERROR CnOiNTER FOR INPUT 11ATA PRE6R 900

"AG.SFIVS . '' INn FOR AAG SENSORS 0 - NO I - YeS PREo 4fn2

DISK E' EXTERNAL I)ATA SET FOR WRITING OETFCTIONN PRER 902
,JSAVF 0' HOLDS LARGEST CONVOY SiZE PREB 904

,C)NST.CNV ' IF I.j CWVYS CREATFD AT A CnNSTANT RATE PRE" 906
AS INTEGER VARIABLES PRES 910

FEFINF CNV.CNTR AS AN IPTEGER, I-D)IMENSIOnAL ARRAY PRE$ 912
OFFINF CIINVY.SIZE AS AN INTFGER, 2-DIMENSIONAL ARRAY PRE8 914

ENn PRER 920
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READ '*M. ý&ERI;r 8/2/71 MAIN 10
*' REAb INORMNATION ON £95 E0S4 SeLfEcr 41SO GEOMETRY MAIN 20
LIT 01SE a A *' SOTS EXTERNAL DATA SET NbR. MAIN 24

SCALL RO.SINSOltoINrO 0 MAI1d: 309 READ INPOM0ATIOI i 0 ONVOYS -AND SCHEUILE A CONVOY IN MOTH MAIN 440
DIRECTIONS MAIN 50

of 
MAIN 60CALL RD.CONVOY. INFO MAIN 70

0I MAIN soREAD INFORMATION ON FALSE ALARMS AND SCHEDULE ONE OF EACH TYPE MAIN 9O

MAIN 100CALL %DeFALSE.ALARMINFO MAIN 1100I MAIN 120
'' INITIALIZE THE PRINTING UP THE tENSOR MAP MAIN 130

MAIN 140
IF PRINT.MAP I$ NE 0, CALL PRINT REGARDLESS MAIN 150

MAIN 11.0LET RETWEEN.V a 'TRACE' MAIN 164
START SIPULATMIN MAIN 170

of MAIN 180
END MAIN 190

ROUTINE IAETAJ*FIK19K?, STREAMl '' M, BERMAN 8/5/71

" THIS R()TINE CALLS GAMMAJ,F, JOHNKS METHOD.

nEFINE KI, K29 Ahn X AS REAL VARIARLES
DEFINE STREAM AS AN INTFGER VARIARLE
IF Kl<Ot LET ERt.F w 147 ELSE
IF K2<nO. LET FRR.F u 144 ELSE
LET X * GAMMAJ.FI1.O, Koi STREAM)
RETURN WITH X/(X * GAMMAJ.FI.Ow K2, FTREAMII
END

SlIIftRITINE TO CANCEL.FALSE.ALARM '' M.RERMAN 8/5/71 CAFA 10of CAFA 20
D' THE FALSE ALARM RATE HAS CHANOEno CANCEL THE CURRENT FALSE ALAR0 CAFA 30

AN( RESCHE&DULE IT USING THE'NEW RATF. CAFA 40

CAFA 50CANCEL THE FALSF.ALARM CAFA 60LET TIME m EXPDUENTIAL.F(LMMA41A.) Of TIME TILL NEXT ALARM CAFA T0RESCHEDULE THE FALSE.ALARM AT TIME.V * TIME CAFa MO
RETARN CAFA 90
ENO CAFA 100



-46-

fIIUTINE- GAk&Aj.F(mEAN*KSTReAM)
*'CACMCl'ATumt flF GAMMA nISTRIKUTEn) VARIATES BY JOHNK'S METHOD.
''01TtIS ALG')4ITHM MOUST BEF tosen Fnx~ O(K(1 INSTEAD 1WF AAMMA.Fv AND SHOULD
"toe jjSED FOR N(IN-INYTFGRAL VALUES OF K<5v ALTHflIGH IT IS 2.5 TO 3
''TI"'ES S1.11,1 THAN GA#4NA.F. FOR FooRTHER DIsCuSSInR SEE "GENERATING
98GA04MA I)IS7RAUJTEn VARIATIES FOR COMPOTER ý11`41LATIGN AnOELs"v.
''N4. 8, I4EQtAN,T4E kANVn C~iRPfRATION, A-641-Pkv FIEBRUARY 1971.
DEFINE MFANv.vKK,I#ZAthli*Fl.XtYv AND HI AS REAL VARIABLES
OEFNIE STREAM AS AN INTEGER VARIABLE
IF 101PAN01119 LFET FR'4.F=145 ELSE
IF K(O0t LET CEPR.F-14E6 ELSIE
LET 2.0
LET KK*TRIINC.F(Kl
LET fluK-KK
IF KKw0# GO TO BETA ELSE
LET E*l
FOR 1.1 TO) K49 LET EwE*RANl,0M.F4STRER4)
LET xw-snOG.E.F(E)
IF Dw0. RETUJRN WITHI Z*(MEAN/Ki ELSE
IRE TA'
LET Awl/fl LET s.1/11-fl)
INEXT'
LET XwSADO&k.F( STAFANI)**A
LET YwRANnO-o.F(STREAM)**k+X
IF Y~mlt GOu OUT ELSE GO TO NEXT'
IOUJTI
LET W.X/Y
LET y.-LO.nE~i.F(mANir'M.FISTRaEAM))
4ETIPAN WITH tZ+W*Y3*(MEAN/Kl
END

QUIITINIE TO PRINT 40 MobERMAN A/12/71 PANT 10
to PANT 20

'' THIS ROUTINE PERMITS PRINTING OF A CONTINUIOUS GRAPH OF FALSE PRNT 30
It ALARMS AT INTERVALS EOUAL TO THE SENSOR DEAD TIME. PANT 40

PANT 50
START NEW PAGE PRNT 60

PARNT 70
Pvi'r I DnURLE LINE THEIS PANT 40

TIMF(ViN) SENSOR NUMBER PANT 90
PANT 100

/POR I w I TO N.SENSOR9 WqITE I AS (20) 8 (13 + L10/ PRNT 110
11 + N.SENSOR) * 1)91 ZPANT 120

PRINT I DOnULE LINE THUS PRNT 130
6.000 1+4+.... +........ *+,,+,,++,,+++* ...... ....... +.....++,444PRNT 140

........ + ............+++++o++++ .......+I PANT 150
SCHEIIIILE A PflNT.MAP AT nEAn.TI*4E RANT 160
WRITE nEA09TIMF AS /9 ni (8,319 S 19 "I"t B 1209, "1" PRNT 170
LET LINES.V * 999999 PANT 172
RETURN PANT 180
EnD PRNT 190
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ROUTINE T) f)D.CrINVOYINFO e9 M. RERMAN 8/4/71 ROCN 10
o 'IDcN 

2001 THIS 4OniTINE READS TH6 CONVOY DISTRISUJTION OP TRUCKS , THE VEL)C. ROCN 30"1R1.TWEEN C0NVnYS DISTe PARAMETERS AND SCHEDULES AN EAST AND WEST ROCN 40
lsC(lNVrJY TO INITIALIZE THE SIMULATION RoCN 50

IIEFINE CNV AS AM INTEGER VARIARLE ROCK 62
CREATE A FAKE RDCN 66
SKIP 2 LINES RoCN "O
PRINT I LINE THUS RDCN s0

+++ CONVOY INFORMATION +*+ ROCN 90READ SPACE ''SPACING MULTIPLE'', CONST.CNV Is CONSTANT RATE FLAG RnCN 100
LT SPACE.FACTAR a SPACE * 0.06 ROCk 103
PRINT 2 LINES WITH SPACE THUS ROCk 10

ROCN 120OISTANCE %ETWEEN TRUCKS IN A CONVOY IS ***,***e M. FOR EACH KM/HR. ROCN U0
IF SPACE.FACTOR IS LE 0.0 , 400 I TO ERROR RrCN k40
PRINT I LINE T7I1S RDCN 150??? ERROR IN AROVE LINE ROCN 160
ELSE RoCN 170
IF CUNST.CNV a I ROSM 172

PRINT 2 LINES THUS ROSN 174

kNOTE: ALL CONVOYS CREATED AT CONSTANT RATE THIS RUN.)
ELSE ROSN 17T
SKIP I CARDi ROCN 10
READ) TRtuCKS 1' READS PAIRS OF VALUES FOR STEP FUNCTION. FIRST ROCN I1o

Of CUMULATIVE PROS & THEN VALUE. * AFTER LAST PAIR RDCN 200
PRINT 2 LINES TH4US RDCN 210

DISTRIAUTION OF TRUCKS IN A CONVOY RDCN 220
TRIJCKS CINII)LATIVE PRnA RoCN 230

LET I a FT.RIICKS RDCN 240
IPRT# PRINT I LINE WITH IVALUE.A(I) AND PROR.AII) THUS RDCN 250

*: * aROCm 251
LET JSAVE w IVALIJE.AEl) *0 SAVE SIZE OF LARGEST CONVOY ROCN 251
LET I * S.TRIJCKS(II RDCN 2S2
IF I1, 0, GO OUT ELSE GOD PRT *S PRINT VALUES ROCN 254

t I 
ROCN 270Of READ THE CONVnY RATE AND VELnCIY QISTRIOIiTInlN FOR EACH DIRECTION. ROCN 240

it CrMPliTE Ki 9 K2 FOR THE BETA VELOCITY DIST. ROCN 290On'UTO SKIP 7 LINES ROCN 300
RESERVE CnNvy.SIZE(*,,) AS 2 BY JSAVE '' OIMENSION STATISTICS RDCN 301
CREATE FVFRY RfnJTE.OIqFCrtInI(z) RDCN 302
FOR I a I TO 2 '' 1 IS WEST ROUND, 2 IS EAST bOIJNn RDCN 310
On •OC4 320

REAO 4ATE.CNV, MEAN , MODE , UPPER , LOWER ROCH 330
nlIR.SY•mnALi I ROCN 340

LET MFANVFL a MPAN * 16.A667 RnlCN 342
LET •.nFE.VFL a MOO1F * 16667 RnC% 344
LET LllWER.AnlhI ) a LDWER * ih.6667 ROCN 346
LFT ljPPEQ.srtfl(I) a tIPPFR a 16.6667 kOCN 348

LET CNV.RATE(l) v I.O/RATE.CNV ''TIME METWEEN CONVOYS R|1Cow 350
IF MFAI4.VFL Fm) 40lnE.VFL '' THIS IS A SPECIAL CASE RnCN 360

LET KIM) -a2.0 Rl)CN 370
LET K2(1) a 2.0 ROCN 300
Gro RaPINor Rl)CN 390
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ATH~aWSEROC-N 400

LET. KIt) I 00EANI.VEL- LtlWF-A.8N~f))) *(LOWeR.mt.I0II) + 4CN 410
kePPFRImar~i) - 2.0 * MnI)E.VEL)/((IUPPEI4.fND(I) - 4CN 420

LowFR.I8Nf(I))fl *teAN.VEL - MOf)fF.VFL)) ROCN 430

LET K2(1) a KIIl) * fl)PPFR.R.NOM1 - MEAN.VFL)/('mEAN.VEL - RDCN 440
LOWE4.)0d0111) ROCN 450

LET KIMl KIMl + I. RnCN 452

LET K2(1) : 011I) + 1 RDCN 454

l4olJO PRMINT 4 LINES WITH niR.SYr4ROL(I), RATE.CNV9 CNV.RATE(1)o ROCN 460
MEAN , OOF , LOWER , UPPER ,Kill)q RDCN 470)

K421) THO)S R0CN 4AQ

THE **** ')1RFCTJnN HAS A CONVOY RATE OF ***.**** PFR M.IN. WHICH IS ONEROCN 490

cnNvfly EVERY m iN. THE AVG VELOCITy 1S ****.* KM/HR. ROCN 500

THE mmLFl VELIOCITY IS *0** KM/HR. THE SLOWEST IS ****.** KM/HR.RDCN 510

AND THE FASTEST IS **~**,*0 KM/HR.. 41. IS **.*** AND K2 IS***'~ R0CN 520

SKIP 2 LINES ROCN 530

IF RATEoCNV IS LE 0 OR MEAN.VEL IS LE 0.0 04 moflE.VEL IS LE 0.0 ROCN 540

nit UPPEQ.R8nfll) IS LE 0.0 OR LOWER.IgNnh1) IS GE UPPER.dNnlI) 40CN 550

Annf I. T11 ERROR ROCM 560

PRINT I. LINF THIIS R0CN 570

??? E4RII4 IN A14OVE 4 LINES 40CN Soo
G0l TO NXT 40CM 59o

ELSE if SCWOIILe THE FIRST CONVOY ROCN 600

CREATE A CnNVOY CALLFI) CV R0CN 810
AIMn i TO NR.OP.CNV 40CN 61.1

ADD I TO CNV.CNTR(Ii 40CN 612

L9T NI&R.CI1NV(C"'V) a CNV.CNTR(I) R0CN 614

CREATE A 6bEXT.SnAiSfl CALLEO) INIC.IPDU(CNV) RDCN 620

LET H&4R.OF.T.kIICKSlCMV) m TRUICKS 40CN 630

ADO I TO CnitvY.s izE iI , Nu4R.OF.TRleCKS(CNV)) I'COLLECT STATISTIC RVCN 634

LET X a AETAJ.F(VKltI)v K2(I1, 7) 11 SETA VARIATE RrDCt 640O

LET V.ELOC(INC.INO(C'NVI) a X *(UPPER.ISND(I) - LOWER.4NOI)) + 0CM 650
LOWER45NM I I RoCiN 660

LET CNv.4PRIINC.I~flICNV)J a CNV RnCN 670

IF I a Is LET J w I GO PAST OTHERWISE LET Jo N.SENSO~t R0CM 680

$PAST$ LET #vXT.rvENSQ (INC. INf)(CNVI) I J ROCN 69n

LET OIRECTI(INICNV) a 1 RUCN 700
SCHF0#)'LE THE NF-XT.Sl-NSOR CALLED INC.INO(CNV) AT 0.0 R0CN 710

WRITE o.0,N#A-.n#W.T4IICKS(CNV), lo 1, CNV.CNTst(I) AS HIMARY k0CN .71'
USING 0154 40CM 716

'NXT*Lnnp RDCN 720)

RE TI JRN ROCN 730

FNn RnCN 740
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ROIITINE TO qfl.FALSE.ALARM.INPO So H. "ERMAN 8/4/71 tOnFA In
Is RDFA 20
10 THIS ROIITTIAE REAOS EACH OF THE THRFE FALSE ALARM LEVELS ANn kr)FA 3n
o* SCMFnJtLE THE HIGH AND MEDIUM L6VFLS FOR INITIALIZATION. ADFA 4()

RDFA 50
LE.T N.ALRO4.LFVFL a 3 ROFA 60
CRFEATE hVEPY ALm*.LEVEL RDFA 70
PRINT 2 LINES THUS ROAA AO

.++ FALSE ALARM INFORMATION +÷+ RDFA 90
ALARM LEVEL ALARMS/MIN MIN RORST IMIN) MAX BURST (MIN) ARR/MIN RnFA 100

RFA(1 LAM Of AMATFNT RATE RnFA 110
LET LAM a LAM * N.SENSOR RDFA 112

PRINT I LINE WITH LAM THUS ROFA 120
1 ***o**'a RnFA 131)

LET LAMrAl1) a I.0/LAM 0o YIME BTWEEN ALARM AT THIS LEVEL ROFA, 140
LET LAMm1A m LAMNAM) 00 START AT AMBIENT RDFA 142

LET ON.ALARM.TIME(I) a 0.0 ROFA 144
SCHEDIILE A FALSE.ALAR4 AT 0.0 ROFA 1A

FOR I a 7 TO 3 RnFA 150
flfn RDFA 160

REFAD LAM. 118( 1). LAII), GAM A o GAM IS THE RATE OF ARRIV FOIR LVLRrJFA 170
LET LAM a LAM 0 N.SENSnR ROFA 172

PRINT I LINE WITH I, LAM, LRII1), 10R(I), GAM THUS ROFA 180
• * ****..,s*, **** **a •***** * RU*FA 190

LET LAMOA(I) a I.0/LAm ROFA 200
LET RATE(I) a I.O/GAM 01 TIME BETWEEN OCCURANCES flF LEVEL ROFA 210
IF LAnA(II) GE LAMOAlI) OR GAM IS LE: 0.0 OR LM(1) LE 0.0 UR ROFA 220

(RA(I) LT LR(I) OR LAMOA( I ) LT (0.0 , Ano I TO 4RROR kOFA 230
PRINT I LIVE THIUS ROFA 240

??? FRROR IN AROVE LINE RDFA 250
FLSE o SCFErnoLE AN ALARM OF EACH TYPE R*)FA 260
SCHEDILE AN ALARM,RATE.O()N AT .01 * I ROFA 290

LET AL.TYPFIALARM.RATE.ON) a I RFA 290
CRFATF A LARM.PFF CALLED OFF.PNT(I) R9)FA 302
LOOP R)FA 310
RETIIRN ROFA 320
END RDFA 330

L nIIIIll lIm11 nlIITlr r
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ROIITINF TO RIhSENSr,.IINFO 'M . BFRMAN 8/3/71 R42N 0
S' R)SN 020

*' THIS R(11TINE READS THE mnAn LENGTH, NO4MER OF. SENSORS, NUMI6ER OF RO)SN 030
41INCREMENTS 1IM4DER EACH TkIANrLE, NIJMINAL HASE* ANt) OTHER INFORMATIONRI)SN 040
S'PERTAINING TO SE.NSORS. THE ACTUAL BASE ANO HEIGHT OF EACH SENSOPR .SN 050

l§TqIANGLF IS SELECTED°. RISN 060
R)SN 070

START NEW PAGE ROSN 090
PRINT I DOUBLE LINE THUS RUSN 090

÷+÷+. SIMU1LATION OF TRUCK CONVOYS MOVING; IN TWO 6IRDSN Ioo
RECTIONS T1440 A ZENSnR FIELO +++++ RI)SN 110

nFFINE COMMENT AS A 1-O)iMENSIONAL ALPHA VARIABLE 't ALLOWS "1HE RI)SN 120
RESERVE COMmENTI*) AS 20 U USER ONE CARDRDSN 130
FOR I w I TO 20 , REAl) COMMENT(I) AS A 4 * FOR CUMMENTS ROSN 140
SKIP I LINE RDSN ISO
FOR I n I TO 20, WRITE COMMENTIi) AT A 4 RDSN 16O
SKIP I LINE RnSN 162
RELEASE CrlMMENT(*) RDSN 0TO
RESERVE CNV.CNTR(*) AS 2 RDSN 174

RDSN 180
* READ PRINT CnNTROL, NUMBER OF CONVOYS Tfl BE GENERATED AND TIME TO ROSN 190
'1 HALT SI'htLATION Rf)SN 200

READ PRINT.MAP, MAX.NBR.CONVS, MAX.TIME ' PRINT.MAP > 0, PRINTS R.SN 210
PRINT I DOUB14LE LINE WITH MAX.TIME, MAX.NRR.CONVS THUS ROSN 2PO

SIMULATION HALTS IF TIE EXCEEDS ****e*** MIN. OR CONVOYS GENERATED EXROSN 230
CEenS RP* IPSN 240

IF (mAX.NBR.CONVS IS LE 0) nR (MAX.TIME IS LF 0.0), AD') I TO ERKORROSN 2%0
PRINT 1 LINE THUS RDSN 260
??? FRRIR IN ABOVE LINE RDSN 270
ELSE RDSN 2Mfl

tRSW 290
READ ROIAD.LNGTH, N.SENSI)R , NHR.INCREMENTS, NOMINAL.ASE. RDSN 300

PROA.DEAD, STD.DEV .DEAD.TIME, AREA,.C2, SEED.V(R) RDSN 310
RAN.NRR RDSN 312

IF NRR.INCREMENTS a 1 0' THE SENSORS ARE MAGNETIC RDSN 322
LET MAG.SENS = I R)SN 324
LET NOMINAL.gASE .01 ROSN 326
GD TI1 MAG RDSN 326

ELSE It NfOT MAGNETIC SENSORS RDSN 327
LET MA5,.SENS 0 0 RDSN 329

'MAG' SKIP I LINE ROSN 330

PRINT 1 LINE THUS RDSN 340
+.+ SENSOR PARAMETERS .++ Rr)SN 350

SKIP I LINE RDSN 360
IF MAG.SFNS• NE 0 Of MAGNETIC SENSOR STRING RDSN 362

PRINT 1 LINE THIIS RUSN 364
THIS RUN IS FOR A MAGNFTIC SENSOR STRING fINLY ++++.++...++.

SKIP 1 LINE ,AflSN ,66
ELSE k1)S,4 36H

PRINT Z LINES WITh Rf1A•.LNGTH, N.SENSOR 9 NOMINAL.BASE THIIS ROSN 37P
ROUJTE SFMENT IS ,*,*,',•s w, WITH *** F0IALLY SPACEO SENSOIRS. RI)SN 340
EACH WITH NOMINAL RASE wF =***.** .M4 RISN 390

IF MAG.SENS NF 0 It tGitETIC SENSOR STRING kIDSN 340
PRINT LINF WITH AREA iHUiS ROSN 392

rFTFCTIION PRIb.ANILITY OF FACH mAGNETIC SENSOR IS = RDSh 3A4
GO TO OINF R')SN 3"6



ELSE R 1.SA 31MM
IF qat'.Nlf~R 1. ALL EflIJAL KASFS Rr)SN 3H~9I

AL RJ~r PRINT I LIN'F WITH Ak#ýA THUS RDSN 390ALL RIANLPS HAVE A Ht~qGHT O1F 4- **~
GO TO SIX RDSN 39o

ELSE ROSIN 390
LET Cl x AREA ''CnEFF. FOR HEIGHT ROSN 3cyO
PRINT I. LINE WITH C1. C2 THUS RDSN 191I

THE CnO7FF. FOR COMPU)TING HEIGHT AR~E (CI) ****~~(C2) ***.*'SIX' PQTI%1T I *ýI~ME WITH NAR.IMvCQPMrNTS THOS RDSN 392EVER,'~ Sl'-MSOR TRIANGLE HAS Vl* INCREMENTS. RDSM 3Y4'ONE' IF ROA0O.L.'tG'TH L.E 0 OR N.SFNJSOR LE 0 OR NOMINAL.IBASE LE 0 OR ROSN 400
AREA LE n OR Nl8R.IJCREMENTS LF 0, AOL' I TO ERR(IR' ROSN 410

PRINtT I LINE TI-411S RiISN 420
???? ERRJ'R IN a,3OVF 3 LINES RDSN 430
FL.SF RDSN 440
PR INT 3 L161ES WITH PROM.DEA0, STD.OEV D EAD.TIME,SEED.',UP) RUSN -460
THUlS 

RDSN 470THE PROR. THF SENSOR IS oEaD ONt IMPACT IS *.~.STA.V()AkD DEVIATIOIjJ ROSIN 4840FqOM THE ROAD IS ** THE OE-Al TIME OF .6 SENSOR AFTER ACTIVATION ROSN d'90
IS *.*** MIIN. THE 44NDI]M SEFD FOR SELECTING TRIANGLES IS ***. ROSN 5600

IF IPRflg.nEA) l.T 0 DR PRO4.DEAO (4 10 ~O) R STI).nFV LT 0.0 ROSN 510
no nEAD.TIME LT O.(', &o0 I TO) ERROR RUSN 520

PRINT 1 L-INIE TH4US RDSAý 530
???? ERROR IN AKOVE 3 LINES ROSN 540
IF 46N.NBR = 1.0 RDSN 552LET HEIG~HT aAREA *' AREA IS HEInHT FQR CONISTANIT 4I£SFS ROSN 55ý

LIFT RASPX z:NM7NAL.FBASE RDSN 553PRINT 2 LINES THUS RDSN 554

(~NOTE ALL SENISORS HAVF E0OAL RASES THI S RUN.)
EL.S r ROSN 556

'9SET DISTANCE RETi4EErN SENSORS RDSN 5,',II: LT OIST.AT%4N.SFNSrJR =RD)Ar.LNGTH/(N.SENSCOR -I) RDSN 570
SKIP 2 LINES 

RnSN 572PRINT 2 LINES THIJS RDSN 574++SE~NSOR ATTRIRIDTES; ... ROSN 576SENSO1R FRASF(M.) SLOPE X DELTAS DELTAS(M.) AREA DEAO(m1)RDSN 57ACREATE EACH SF'NSiIR RDSN 5140FOR EACH SENSONk RDS14 510O0 ROSN 600
IE RAN)OM,F(A) IS LF PROR.OFAD *'SENSOR DEat) n.4 IMPACT kUSN 610`,LET HASF(SFt4SI)R) = o.0 RDSN 620

LET KILL Sir( SENSIPu 1I SIGNALS SENSOR DEAD) i: i:2
ELSE OINOT KILLEFO r1v 4PACT RDN640
IF1*AG.SENtS NE 0 Is mA(;NETIC SFNSOIR STRING RDSN 642

GO MA6S DS64EL-SE Of CHECK FORQ E01AL, BASES RDSN 646
IF P AN.Nriz = 1.0 It ALL EGIDAL HASFS RD~sbJ Asol

GO1 TO TWsO kDS N AhO
C-LSF Of' COMPOTE STANDAý0 TRIA~aILFS RDSI5N 690)

LET rINIRMAI. s tdDQMtI .F 110.0. STrj,oFV. A) RIISN 690
IF AAS.i- (,)'NIopQAL GT bOINIMNAL.OAASE/7.O .' FAk FR11-4 ROlAD RI)SN 700'MACK' LET AASc(SFNSCI) 0 .0 it ZFRlu mFANS NO TR'JC.( OFTI'CTION P, 1 SW~ 71,1

1,1T AREA n .0 IIn 71'
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GO) PANT RT)SN 720
FLSIF if COM~PUTE RA~SE RDSNd 730

LET BASEX a2.0 1 ( NflMINAL.IýASE/2.0J * 2 RnsN 740
- fNnRMAL ** 2 ~ *.5 ROSN 74?

IF RASEX LT 1.0 ''METER. (FOR RrOUNOIN(; PlIRPOSFS)** ROSN 750

GO tOACK RUSN 760
ELSE ''COMPUDTE HEIGHT nN0) AREA RDSN 710

LET HEIGHT a Ci /(flNflMAL 002 + C2) ROSH 780
*TWO$ LET 44EA agASFX * HEIGHT/2 RIJSN 79o

LET 9ASF(SENSflR) w RASEX ROSN 800
LET nELTASISE-NSOR) a ?iASEX/NiKR.INCREMFNTS ROSN A 10
LET (nEFFHSENOM) w 4.0 * AREA * ELTAS(SENSOK)/ ROSN 820

IRASFX ** 2 ROSN 830
GO PAN~T RDSN 840

tMAGS9 LEI RASr:SFf4SOR) a 1.0 KOSN P.64
LeT n)ELTAS(SEfJSOR) *.0 RI)SN 86S
'ET CUEFF(SEN50R) a AREA RDSN 866

'PONT@ LET PRINT.PflsiTIr)N(SENSOR) a 13 + 1110/(N.SENSOR 1)U RDSN 730
SENSOR) RUSN 740

PRINT I LINE WITH SENSOR. 9ASE(SENSOR)v CI.JEFF(SFNsnR)o ROSN 750
flELTAS(SENSOR),AREAKILL.SIG(SENsflR) THUS RDSN 760

LonP ROSN 7AC~

RETURN ROSN 790
ENDl RDSN ROO
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itnIlTIIUE tFR SUMMARY go M BERMAN R/12/71 SOiMY in
It SUMY 20

Of ALL1 RFLbVENT STATISTIrS ARE PRINTED HERE AND THE SIM11LATION HALTS SliMY 30
ofSUiMY 30

OPFIN.* TnT.TAIICK, TOTLTRKv GRANIXTnT AS INTEGER. VARIABLES S0IMY 30
SLIMY 30

FOR Ka 1 TO 3 04 FINISH FALSE ALARM STATISTICS SMRY 31
IF LAf4BA EO LAMDA(K) SMRY 32
GO OUIT SMKY 33
EL SE SMRY 34

'OUT' LET nN.Cni)NTER(K) =ON.COIINTER(K) + 1 SMRY 35
LET TnTAL.nN*TIMEIK) a TOTAL.DN.TIME(K)-. TIME.V SMRY 36

-ON.AL.ARM.TIME(K) SMRY 37
,Slimy SO

S SUMMARY OF THF SYSTEM FALSE ALARM RATES SLIMY 60
SLIMY 70

START NEW PAGE SLIMY NO
PRINT 2 LINES THUS SlIM4Y 90

+*++ SYSTFM FALSE ALARMS .... SLIMY 100
ALARM LFVFL Nn. OF BURSTS AVG. BUR.ST LENGTH(MIN) AVG SliRST ARR/MIN SLIMY 110

FOR I w 1 TO 3 SIJ1Y 120
00 SLIMY 130

LET RBURST a TnTALON.TIME(I)/r)N.COUJNTERII) SLIMY 140
LET TME.RTWN a TIME.9ETWEFN(II/ON.COIINTER(JI SLIMY 150

SLIMY 160
PR4INT ILINE WIIH It ON.COUNIFPRlII, IURST91.O/TME.14TWN THUIS SUMY 170

LnnlP SLIMY 200

SIýNSPR FALSE ALARM RATES SLIMY 220
SLIMY 230

SKIP 2 LINFS SLIMY 240
LET TnTiAL = 0.0 SLIMY 250

PRINT 2 LINES THUS SLIMY 260
.... SENSOR FALSE ALARMS ý+++ SLJMY 270

SENSO)R ALARMS/MIN :LEVEL 1 LEVFL 2 LEVEL 3 ALL LEVELS SLIMY 2140
FOIR EACH SENSOR SLIMY 790

00 SLIMY 300
LET jlOT =(LEVELI.cnoDNT(SENSOP) + LEVEL2.cnuNTfSENSOR) SLIMY 310

+ LEVFL3.C0IINT'SENSOR))/TtiM$-.V Stl-iLY 320
PRINT I LINP WITH SEN';)Rq, LEVEL1.COIJNTIS.NSOIR)/TME.V, SLIMY 330
LFVFL2,Cl1UNTlSENS9)&/TIME.V# LEVkL3.COIINT(SENSOR)/TIME.V, SLIMY 340
TOT THUS SLIMY 3 50

****4rv~ 444.*4 444.4* ******SLIMY 360a
LOOlP SOiMY 370

COINVOY STATISTICS SLIMY 340

START NEW PAGE StIMY 41(l
PRINT 1 LI.NE THUS SfliMY 470)

+*+* MUMMEFR OF CLJNVrj-S GENERATED .... SOMY 410'
LET G4ANn.TOT w 0 SLIMY 4401

FURQ J v I TO 2 SlIMY 4 i(I
nos StIMY 401.0

LET TIlTLTRK v0 S1IMY 410
PRINT 2 LINES WITH nIM.SYMwlfL(J) TMiOS SJMY A140
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C(3NVnY SI?F FRPMAN'tCY TOTAL TRUCKS 'GENERATED SUI4Y Sa0

LE TOTLT a T OJSAVE TOT.TRUCK THUS 540

LTGRAND.TflT a GRAND.TOT + TOT.,TRI3CK SU14Y 550
PRINT 1 LINE WITH 1, CONVY*SIZE(JgI)g n.RUKTU SU'4Y56

SUMY 570

PRINT 1 LINE WITH CNV.CNTR(J)t TOTLTRK THUS SU'4Y 590
TOTALS 2 SU#4y 6W)
SKIP 2 LINES SUMV 610
LOOP SOMY 62f)

PRINT I LINE WITH CNV.CNTR(1) + CNV.CNTRIZ), GRANO.TOT THUS SUMY 630
GRANJO TOTALS: SU14Y 640

SUMY 650
CnNVOY DETECTIONS PER SENSOI( SUMY #*60

Sut4Y E70
START NEW PAGE SU.4Y 680
PRINT 2 LINES THUS SUMY 690

.... AVEFaAtE CONVOY nETECTIciNS HY SENSOR .... SUMY 700
SENSnR OETECTIONS/mINUTE DETECTIONSICoNvfly OETECTIONS/TRIJCK SUMY 7LO

FOR EACH SENSOR SUMY 720
0)0 SUMY 730

LET DETEC.MIN a DFTECT.rR(UCKfSENsnR)/TIP4E.V SliMY 740
LET DETEC.CNV - nlETECT.TRIICK(SfENSI)R)/FIMI.CNV Slimy 750
LE.T OPTFNi.TRK aDETECT7'8l)CK(SENSMUGRlGAND.fi SON~Y 760
PRINT I LIVEF WITH SENSOR, f)ETEC.MIN, DETEC.CNV* nFTEN.TRK THUS SUMY 770

SliMY 780
LOOP SU#MY 790

STOP SUlPY R00
END SUiMY AM0
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EVENT ALA .'4.RATEFlnN SAVING THE EVENT NOTLCE N, AfERMAN 0/5/71 ALRY 10
'SALRT 20

*~THIS EVENT SETS THlE NEW ALARM LEVEL 9 SCHEDULES THE NEXT U'VE AND ALRT 30

$#SIMFnlJLES THE OFF TIME OF,- THE NEW LEVEL. AIRY 40
of AIRY 50

DEFINE TYPE AS AN INTEG~ER VARIARLE AIRY 60
LET TYPE a AL.TYPRIALAgm.QATE.ONI 11 TYPE (IF THIS ALARM ALRT 70
LET TIME a FXPDINENTIAL.F(RATEIYYPE)o 2) 11TIME OF NEXT ALARM ALRT 80
SCHEDU)LE THIE ALARM.RATE.ON AT TIME.V + TIORE AIRY 90
LET TIME a IJNIFORM.F(LPITYPEI, USITYPE19 2) " DUtRAT~InN OF THIS ALAT 100

'1 LEVEL AIRY 110
It IF THE CJJRQFNT ALARM L.EVEL, IS AM14IFNT SET.THE NEW ALARM LEVEL, AIRY 120
It SCHMFIIILE AN (1FF TIME, CANCEL THE CURRENT FALSE ALARM AIRY 130

of ALRT 140
IF LA0480A IS EOUAL TO LA~nAll) AIRY 150

LET LAmnRIA a LAMDAITYPE)1 10 SET NEW LEVEL AIR7 .160
LET 'rIME.RETWEFNETYPE) *TIME.RETWEEN(TYPE) + TIME.V AIRY 161

- ON.ALARM.TIMEITYPE) ALAT 162
LET &IN.ALAUM.TIME(TYPEI a TIME.V AIRY 164
LET TOTAL.nN.TIMEI1) TIITAL.ON.TiMF(l) + TIME.V AIRY 166

Ot%.ALARt4.TfMF(1) AIRY 167
LEI' nN,~CriNTER(1) w ON.COJINTER(l) + 1 LT 6

CALL CANCEL.FALSE.ALARAI 10 CANCEL THE FALSE ALARM OF T#HE AIRY 170
01 OLD LEVEL AIRY 180

#SCHnl SCHEDUlLE TH4E LARM.OFF CALLED nFF.PNT(TYPF) AT AIRY 190
TIME*V + Tli*4 AIRY 200

RFTllRhl AIRY 210
OT"ERWISE '8 SEE WHICH TYPE IS ON. AIRY 220

ALAT 230)
'' IF THIS TYPE IS ALREADY ON CHECK ITS OFF TIME. IF CURRENT (OFF AIRY 240

''TIMF IS LFSS CANCEL IT AND) RESCHED AT THS LATER TIME. IF GREATER ALI<T 250
11IANORF SCHEDJILING A NEW O3FF TIME. AIRY 260
to AIRY 270

IF LAMADA IS EQUJAL TO LAMOA(TYPE) It SAME TYPE IS ON AIRY 200
IF TIME.V + TIME IS I.E TIME.A(01FF.PNT(TYPE)) ALRY 290

RETURN AIRY 300
OTHEROWISE 00 EXTEND THE DUJRAT ION OF LA*4RDA ALRT 310

CAN4CEL THE LARM.OFF CALLED OFF.;NT('TYPE) AIRY 320
CAIUSF THE LARMr1FF CALLED OFF.PNT(TYPE) AT TIME.V + TIME AIRY 330

REIJJRN AIRY 340
OTHERWISF It *SEE IF ITS THE MEDIUM OR HIGH RATE THATS ON AIRY 350)

'' IF THIS IS THE MEDIUM LEIEL Alo THE HIcGHa RATE is ON. Amn THE AIRY 360
01 SCHEDIJIEI) ALARM OFF TIME IS GREATER THAN THAT ALREADY SCHED)ULED) AIRY 370
''0 FOR THE HIGH RATE,9 SCH~n'AN ALARM OFF nTHERWISE RETURN AIRY 3N0i

AIRY 340)
IF TYPE IS EOUAL Tn 2 Of THEN THF HIGH RATE IS ON AIRY 4o0

IF TIME.V + TIME ISLE TIME.AinFF.PNTI3)) AIRY 410
RE TIIJRN AIRY 420
OTHERWISE 0' SCHEDIJIE AN OFF TIME . EXTEND OiFF TIME OR :GNI)RALRT 436,
IF DEF.PNT(2) IS I'm THE EV.S Of AS OFF OFE THE MlEDIUM (Ype AIRY 440

IS ALREAD)Y SCHEDUJLED AIRT 450
IF TIMF.V + TIME IS IF TIm#E.A(OFF.RNT12w) AIRY 464)

RETIORN *'IT NEtED NOT MF P;XTFNI)Fr) AIRY 47If
OTHERWISE ' FXTF-41) IT ALRT 49n
CANCEL. TIF LA9.(ldFF CALLED '3FF.PNTOI AIRY 4Q#)

4FSCwFf)(lLE THE LARN.OFF CALLEO llF.F.PNTI2) AIRY 500f



AT TIMF..V + TIME ALI4T 510
RETUIRN A.LRT '520

flTMERWISE $,*.NO3 OFF OF THE meDIuM TYPE IS SCHEDULED) ALRT 530
1390 SCHI3 ALRT 560

nT,4ERWISE It THE MEDIUJM RATE IS ON* CHANGE TO THE HIGH RATE. IF ALRT 55O
*3 THEF HICH RATE WILL Go OFF AFThR THE mEDItim RATE. ALRT 560
itCANCEL THE mEDIium RATE ALARM OFF EVENT. ALWAYS ALAT 570
01SCHMEI6L' AN ALARtM OFF FrOR THE HIGH PATE ALRT SAO

LET LAMBDA a LAMnA(3) ALRT 590
LET TUTAL90NeTIMF(2) TOTAL.On.TIME(2) + TIAE.V ALRT 592

- ON.ALARAOTI"E(2J ALRT 593
LET ON.CIIUMTEV(2) a 0N.CMIJNTER12) + I ALRT 594
LET TIME.RETW'!EN(3) TIME.RETWEEN43) + TIFAE.V ALRI 595i

- N.ALARM.TIM4E(3) ALRT 596
LET ON.ALARm&TIM4E(3J a TIME.V ALRT 598

CALL CANCEL.FALSE.ALARM ~*AND RESCHr)lJLF IT AT THE NEW RATE MART 600
IF TIME.V + TIME IS LT TINF-.A(UFF.PNT(2) I ALRT 61.0

CPO SCHOD It SCHEDUJLE AN O3FF FOk THE HIGH RATE ALRT 620
FL.SE ALRT 630
CANCEL THE LARmaOFF CALLýr) OFF.PNT(2) ALRT 640

111 SCHO ALRT 650
eNrD ALRT 660

EVFNT nESTWOY.CONVOY SAVING THE EVENT NOTICE ish. BEAMAN A/12171 DECN 10
I I OFCN 20

66THIS EVENT nFlSTjflYS THE COnv9iY AND ASSOC.IATEO NEXT SENSOR EVFNT DECN 30
**NOTICE. SIMuPLATVION~ WILL FNn IF TIME OR NUMHiE' OF COt4VOYS HAS neC14 40

It RFtFN FXCPJFO~f I)FCN 50
DECm AO

DEFINE CNV* OCK.CNV AS INTEGER VARIABLES OECN 7fi

LET FIN.CNV w FIN.CmV + 1 to COUNTS CnmPLRTEI) CONYOYS 06CM 82
LET CNV w flEST.C~iVlEOESTR(OY.C0NV0Y) DECK~ 90
LET J4CK.CHV a AACK.PnINT(INC.IhJDICNV) of CnNVOY BEHINIO THIS I DECN 92

IF I4CK.CNV NE 0 06CN 93
LET PR 11,R.C(INVI INC. INDlFC,(.CNV) a 0 It INDICATES No MORE CNV DECN 94.

ELSE DECN 95
06CN 100

WRITE TIMF.Vv 0o 29 DIRECTInNtCNvl.t NSR.CONV(CNV) AS t4INARY I)SING IEC~N 110
nISK QECN 112

DESTROY THE NEXT.SepSnR CALLED INC.INDICNVI OECN 120
DESTROY THE CO)NVOY CALLED CNV 0ECN 140

IF EFIN.CNV AE INAX.NQ.CONVSi OR IITIME.V GE MAX.TIME) 06CN ISO
AND lFIN.CNV EO NR.OF.CNVI) 06Cm 151

WRITE TIMF.V + 2.,19 3, 09 0 AS BINARY 1351MG DISK 00 FALSE ALARM D6CN 152
OfTO CLOSE ANY REM4AININ4G WINVIOWS 06CM 153

WRITE TIMF.V + 4.*1*39 0. 0 .ýS 14INARY LOSING nISK 06CM 154
WRITE TIME.Vt 0. 9. 0. n AS 14INARY LOSING nIS'( 06cM 155

CALL SUMMARY 1)6CM 160
EL SE 06CM 170
RETURN 06CN 180
EmN 06CM 190
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EVF(#T FALSP.&LAR'4 SAVING THE EV2NT NOTICE FAAL 10
FAAL 20

*'THI% EVENT WILL CAU~SE A OALSE ALARM ON A SENSM' IF T14E SENSOR IS FAAL 10
n' id IT VQINT & W&IITE THE TIME OF ACTIVATION. IT RF.SCHE011LES THE FAAL 40

*'NFXT FALSE ALA4M* FAAL 50
FAAL 40

LET I a ,*NDIJH.FM2 * N.SeNS1SOR + .S is SENSOR NUMSBEH FAAL '70
IF KILLoStGfI) IS GT 0 "' THE SENSOR WAS DESTROIYED ON IM4PACT FAAL 60

GO SC.4o FAAL 90
EL SE FAAL 100
IF ON*TIMF(II IS LT TINEfV *0 THE SENSOR IS ON FAAL 101

IF LAMAnA IS ED LANM044) FAAL 102
LET cNJT.F(PR1NT.POSITIONII)) a 019FAAL 104
AD0 1 TO LFVEL1.COUNTIII ýSAAL 104
GO WRTE FAAL 105

ELSE FAAL 106
IF LAMBDA IS EQ LAMOA42) FAAL 10H

LET OIJT.FlPRINT.POSITIONIMI a "2" FAAL 110
ADO) I TO LEVEL2.CnUNTII) FAAL III
GO WRTE FAAL 112

EL SE FAAL 114
LET OUToFCPRINToPOSJTION41)) 0 *0 FAAL 120

ADD I Tn LEVEL3.COU)NTII) FAAL 122
#WOTE' WRITE TINE.Vt 19%9090 AS RINARY USING DISK FAAL 130

LET On.TIMEIII a TIOE.V + DEAOPTIME FAAL 140
RE'.ARLE SS FAAL 150

*SC)HD' LET TIME n' EXPO0NF.NTIAL.FfLokX,4('IA, 31 *@ TIN4E TILL NEXT ALARM FAA*163A0
SC4FO4)LE THE FALSE.ALAR1M AT TIAE.V *TIME FAIL AM0

UtETIOtN FAAL 160
EteOFAAL 190



-VFENT INCREMFeNT.CHECK SAVING THE EVENT NI)TICF 96M. BERMAN M/il/T7 INCK 10_• t NtK 20

It THIS EVENT CHECKS FOO A CONVOY DkTFCTI0N IN A SENSOlRS SPHERE OF INCK 30INFLIUENCF. THF NEXT INCRFt4ENT CHECK IS SCHEnIULED AT nELTAT. IF INCK 40
'' THERE IS A DETECTION ITS RECrifnEn. NiO INCREMENT CHECK WILL BE INCK 50
'' SCHEI)IILFI) IF THE LAST TRUCK OF THE CONVOY WILL HE OUT OF THE ICK 60
9' SENSORS SPHERE flF INFLUENCE. INCK TO

INCK 90
DEFINE CNV9 SENS AS INTEGER VARIA6LES INCK 90

I tINCK 100
ORTAIN ATTRIHOTES OF THE EVENT PI CK 110

' PINCK 120
LET SENS = SENS.NRRCINCREMENT.CHECK) '' SENSOR NOtR INCK 130
LET CNV u CNVY#NRR(INCREMENT.CHECK) *' CONVOY NBR INCK 140
LET PIST n DIST.TRAVIINCREMENT.CHECK) '' POSITION OF IST TRUCK INCK 150

INCK 152
IF MAG.SFNS NE 0 Of THE SENSOR IS MAGNETIC INCK 153

CALL MAG.OETECTIONS I SENS, CNV9 PIST) INCK 156
RETURN INCK 158

EL SE INCK 159
LET 8ASE.nIST a BASE(SENS) Is RASE LENGTH OF SENSOR INCK 159

INCK 160
IF ONTIMEISENS) IS LE TIME.V it SENSOR CAN TRANSMIT INCK 170

PICK 1~40
*" CALCULATE THE PROBABILITY OF NOT DETECTING EACH TRUCK IN THE INCK 190
** SENVIRS SP'4fQE OF INFLUENCE INCK 200

INCK 210
LET PRIOR a 1.0 It INIALIZE PROfAHILITY JNCK 220
LET HALF.RASE a RASE.nIST/2.O 11 112 THE BASE INCK 240
LET sPtC.nIST a SPACING(CNV) 10 SPACE BIETWEEN TRUCKS INCK 250
LET COFF * CUJFFF fSENS) 00 YIELD INCREMENT AREA FROM DIST INCK 260
FOR I a 0 TO NAR.UF.TRIJCKS(CNV) - I INCK 270

no INCK 280
LET TRUCK.POSITION s, PIST - I * SPAC.OIS7 INCK 290
IF TRUCK.POSITION 'IS LE 0.0 '' IS TRUCK IN BASE INCK 300

GO OUT INCK 310
ELSE 01 SEE IF ITS BEYOND RASE INCK 320
IF TRIICK.PnSITION IS GE SASE.DIST INCK 330

GO TO NEXT ''TRIICK IN CONVOY INCK 340
ELSE it TRUCK IS WITHIN KASE INCK 350
IF TRUCK.POSITION IS fT HALF.gA;E ''ON DECREASING SIDE INCK 360

LET TkUCK.l'OSIiOIN a BASE.DIST - TRUCK.POSITION INCK 370
ELSE 0' ITS ON THI: INCRIASING SIDE INCK 3RO
LET PROS a PROM * (1.0 - CrJEF * TRUCK.POSITION) INCK 390

'NEXTO LOOP INCK 400
'OUTf 0' SEE IF DETECTION IS MAOE INCK 410

of eINCK 420
IF PRO14 IS LT RANDIOM.F(3) to A DETECTIOn IS MAOE INCK 430

LET !lN.TtMEISE-N•0 u TImE.V + tEAID.TIME if SENSOR IS NOw OFF INCK 440
LET IIU1T.F(PRINT.POSITIInN(SENS)) a n IR.SYMHOLI)IRECTIJJNICNV) IINCK 450
WRjTF TIME.Vr•SNSv0SI0Ii4CTInNjCNV INBR.C0J#IVICNV) AS BINARY INCK 460

leSIr.JG )ISK INCK 46?
Ann I TO nZTECT.TquJCKISi4S) INCK 4I6S
LET TIMC a ON.TIMF(SFNS) '' TIME OF NEXT CHECK [NCK 470
Gfn CHFCK INCK 40

ELSF '1 COINVOY NilT (ThTFCTFn INCK 4Y0



LET TIME O ELTASfSE'NS)/VELv)CITY(Cmav) *' DLTAT NEXT CHECK INCK 500
*T!ME..V INCK SOS

SEE IF THIS fS THE LAST SENSOR IN THE STRING INCK52
INCK 530

,CHECK# INCK 530
IF (SENS aN.S'cNSOR AND DIRECTION(CNV) a 1) OR fSENS a I AND INCK 540

DIRECTION(CNVln2l INCK 550
afl Tn LAST 00 THE CONVOY SPEED WILL NOT CHANGE INCK 560)

ELSE It CHECK Tn SEE IF VELOCITY WILL CHANGE BEFORE THE NEXT INCK 570
'' INCREMEN' CHECK INCK 580

IF TIME*ACINC*INOICNVI) IS LT TIME Of VELOCITV WILL CHANGE INCK 590
LET P1ST u(TIME - TIME.AlINC.ImnDCNV)I) INCK 600

* VELOC(INCvIND(C4v)) *.(TIME.A(INC.INn(CNVJI- INCK 610
TIMEVI * VELOCITY(CNV).+ P1ST I@ 1ST TRUCK INCK 620

LET PLAST *P1ST - (NRR.0P.TTUCKSICNt )- 11 * SPACE.FACTOR INCK 630
* VELOC INC.INDICNV~l ''LAST TRUCK INCK 640

GO TA CHK INCK 650
EL SE INCK 660

ILAST'LET P1ST *(TIME -TTME.V) VELOCITYICNY) + P1ST INCK 670
LET PLAST a P1ST -CNV.LENriTHICNV) INCK 680

INCK 690*'NOW CHECK TO SEE IF CoNVnY WILL HE IN SENSOk SPHERE OF INFLUENCE INCK TOO
'CHK' INCK 710

IF PLAST IS GE RASF.nIST ''LAST TRUCK WILL RE OUTSIDE SEoSOR INCK 720
LI--T TIME.SPL a TIME -(PLAST - AASE.nIST)/VFLOCITY(CNV) INCK 722
WRITF TIME.SPLqSFNrS ,R, fi)RECTIONvICNv). NBR.CONV(CNV) INCK 724

AS BINARY USING D)ISK INCK 726
DESTROY THE INCREMENToCHECK INCK 730
RETURN INCK 740

ELSE Of IT WILL BE IN THE SENSOR AREA OF INFLUENCE PICK 750O
INCK 7oO

SCHEDU1LE THE INCRE4ENT.CHECK AT TIMF INCK 770
LET niST.TRAV(INCREMENT.CHFCK, P1ST INCK 780
RETURN INEK 790

ELSE ''SENSOR IS OFF INCK RO0
LET TIME a ON.TIMEISFNS) INCK 810
GO TO C"FCK INCK 820
END INCK 830



RI1IUMF FOR4 MAGA(.fETr-CT IONS I SENS* CNV, t#U14*TRIIK I M . HERM4AN 12/7/71MAGfl iC
1 4 MAE;n 20

*0THIS ROUITINE PQOCESS MAGNETIC SFNSOn DETECTIONS. THESE SENSOnRS 1AGD 30
*mACT AS TQIPWIRe,% ANI'e DETECT WITH PRIOhARILITY P ICDEFFI SENSOR). MAGD 40

DEFINE SENS, CNV AS INTEGE~R VARIAI4LFS mannI fi0
MAGD 70

IF IIJN.TIMFISENS) LF TIKE*Vl to SENSnR CAN TiAPSMiIT 14AGO 80
AND (cnEFFISENSa GE RANI)OA.113)) It TRUCK WVILL RF nETECIhO MAGI) g0

LET 3N.1INFISF4S) aTIME.V + flEA4O.TImE so SEmNSO OFF MAGO 100
LET flhJT.F IPR I NTPOSI TIIN SENS,)) MAGI) 110

nIQ0Sym~nLI0IRECTIONICNv), MAGO 120
WRITE T!ME.V, SENSs, 6, nIRECTIOkICNV), N14R.CONVICNVI MAGI) 130

AS 81INARY USING DISK MAGO 140
A00 1 TO OETECT.TRUCKISENS) MAGO 144

fs~se A*Nfl DETECTION IS "ADE hAGO ISO
IFNUN.TRUK EO 1.0'' THIS IS THE LAST TRUCK IN THE CONVOY. MA(0 160
~LET TIMER Is TI'4E.V + 8ASCEISFNS)/VEL0CITYICNV) MAGO 174

WRITE TIMER 9 SENS, At nIRECTION(CNVI, N8R.C0NV(CNV) MAGO 176
AS RINARY USING DISK MAGO IRO

DESTROY THE IP4CREMENTCHECK MAGO 190RETURN "AGO 200
OT"FRWISE ''SCHEDULE THE NEXT TRUCK DETECTION MAGO 210

SCHEDU~LE THE INCAEMENT.CHECK AT TIME*V + MAGO 220
SPACING(CNVl/VEL1ClcTY(CNV) MAGD 230

LET fliST.TRAVIINCREMEN~T.CHECK) NUM.TRIJK -1.0 ''NEXT MACD 240
RETURN 'TRUCK MAGI) 250Eflo MAGO 260
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EVENT LARM*OFF SAVINGr THE EVENT NOTICE It Me $ERM4AN 8/5/71 ALOE 10
to ALOF 20

of THIjS EVENT TURNS AN ALARM OF THE MEDIUM AN!) HIGH LEVELS OFF. IF & ALOE 30
S 6 1DIU1M OFF is SCHEDnULE!) THAT WILL FIE THE -NEW LEVEL OTHERWISE THE ALOE 40
'*RATE WILL DROP TO AMRIENT ALOF 50

9'ALOF AD
IF LAMBDA ED LAmnA12) 00 WHICH ALARM LEVEL IS OeN 7 ALOF 61

LET I1a2 go LEVEL 2 ALOE 62
GO COLCT ALOF 63

E-LSE ALOE 64
LET! I~ a t LEVEL 3 ALOF 65

I COLCT' LET TnTAL.flN.TI,ME(I) UALOE 66
TOTAL.I)N.TIME(I) + TIME.V -ON.ALARM.TIMEII) 'SCOLLECT STATALOF 67

LET oN.Cfl.UNTER(I) a nN.COUINTER(I1).+ I ALOE 68
IF EV.Sf I.LARM.OFF) IS EMPTY 11 NO0 OTHER ALARM LEVEL IS ON ALOE 70

LET LAMBDA a LAmnAm1 It RFTURN TO AH9IIENT LEVEL ALOE 40
LET TIME*RETWEENM1 TIME.HETWEENII)+ TIME.V - ON.ALARM.TIMEI1)ALOF "3
LET ONALARM.TIMEIL) aTIr4E.V ALOE 546
CALL CANCEL.FALSF.ALARM ''RESCHEDULE FALSE ALARM FOR NEW ALOE 90l
RETIORNJ* LEVEL ALOE 100

ELSE "SOME RATE IS ON ALOE 110
IF (PE.PNT(?! IS IN THE FV.S 'ITS THE MEDIU1M RATE ALOE 120

LET LAMBDA a LAMDA42) ALOE 130
LET TIME.METWEEN12) w TIME.RETWEEN42)+ TIME.V - ON.ALARM.TIME(Z)ALOF 13?
LET ON.ALARM.TIME!2) a TIME.V ALOE 136
CALL CANCFI.FALSE.6'.AAM ALOE 140
RETIORN ALOE 150

OTHERWISE "'ITS THE HI(CH RATE ALOE 160
LET LAMBDA a LAMDA13) ALOE 170

LET TIME.BETWEEN(3) T114E.BETWEEN13)i TIME.V - fni.ALARM.TIS4E(31ALOF 172
LET nN.ALARM.TIpqE431 TIME..V ALOE 176
CALL CANCEL.FALSE.ALAR,4 ALOE 1#4O
RETuIRN ALOE 190

EN!) ALOE 200
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EVF.4T min.POINT.PASS SAVING THE EVENT NOTICE 01 M. "~ERMAN 8/12/71 MIOP 1t)
$I MIvP 20

''mrIS EVFENT MARKS THE TIME OF PASSAGE OF THE FIRST AND LAST TRUI.CK ?4JP 30
@#OF THE CONVnY THCHlBI6I4 TE- min) quiNT OF THE SENSOR. MIOP 40

DEFINE CNV, SENS AS INTEGER VARIABLES MIOP 60
MIDP 70

LET CNV aCNV.NUD48ERIMIO.PDINT.PASS) MIOP 80
LET SENSw SN.Nfl(mID.Pn!'.T.PASS) M IOp 90
LET 1N0)3 = MARK(MnI.OOlt.JT.PASS) MIDP 92

MIOP 100
IF D)IRECTiONICNVJ IS EDIJAL TO 1 'UCONVOY IS WEST SOUN.D MIOP 110

LET OtIT.F(PRIftT.POSITION(SENS). 2) S~ MIOP 120
GO (OUT MIOP 130

ELSE 'f ITS EAST 901JNO MInP 140
LET nOUT,F(PRINT.POSITION(SENS) - 2) 3""MIOP ISO

1O0T' DESTROY THE MID.P0IIJT.PASS MIDP 160
WRITE TIMEV, SENSt 4v DIRECTIONICNV)t 0 AS BINARY USING DISK MIDO 164

MIOP 165
::CHECK TO SEE IF SENSOR IS COMPLETED (IF BASE 15 0) MIOP 166

MIDP 167
IF RASE(SENS) a 0.0 AND IND3 w 2.0 MIDP 168

LET TIME a TIMF.V + 0.001 It GIVES DIMENSIN TO I TRUJCK MIOP 168
WRITE TIME 9 SENS# So DIRECTIONICNV)v NBR.CONVICNV) As MI Op 169

BINARY USING DISK MIOP 16A
AEGAR,)LFSS mJDP 16.3

RETURJ t4IOP 170
END MIOP 100
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EVFNT NFXT.sFNsnq SAVIMG THE EVEN~T NOTICE I M. 8FRMAN R/hY71 NXSN 10
to NXSN 20
I I THIS EVENT INDICATE THAT A CONVOY HAS J11SI ENTERED THE tHASE OF A NXSN 10
11 JRIA01M.F. IT WIIL SELECT THE VELOCITY AT THE NEXT SENSOR AND NXSN 140

ItSCHFOULF THE N'XT SENSO'( EVENT. IF THIS IS THE SECOND SENSOR FUR, NXSr4 50
It ITHEA DIliECTION IT WILL SCHEPOILE A lllEXT CONVOY. ADDITIONALLY IT NXSN 60
10SCHEr(AJE A Min POJINT PASS EVENT FOR THE FIRST A\F) LAST TRUCK. NXSN 70

NXSN RO
DEFINE CNV. SENS, KlXT.SNSq nIRSENS.PflSIT, PRE-.CN[VFLA(;l N X SN 90

AS INTEGER VARIABLES NXSN 92
LET CNV a CNV.NBQ(NEXT.SEMSDR) is CURRENT CONVOY NXSN 100
LET VELC.TY aVE-LOclNEXT.SFNSflR) 1' CUIRRENT VELiOCITY NXSN 110
LET SENS w NXT.SFNSR(NEXT.SENSOR) 01 CURRENT SENSOR NXSN 120)

LET PRE.CNV aPRII0R C.,D4V tNEXT SENSOR-) It CONVOY IN FRONT NXSN '130I

LET FLAGI v 1 10 (0) INDICATES END !-,- STRING NXSN 135
'SET ALL NEW ATTRIHIITES OF CONVOY NXSN 150
LET SPACIN(;(CN.) *SPACE.FACTOR * VELCTY Is DIST BETWEEN TRUCKS NXSN 160
LET VELOCITYICNV) VELCTY NXSN 170
LET CNV.L.FNrTH(CNV) = SPAC:NGICNV) *(NHR.FDF.TRt)CKS(CNV)- 1) NXSNq 180

LET ::;i:::.rRRS:NVHa SENS It FIRST TRUCK IS IN THIS SENSnR FIELDNXSN 190
LET DIQ x DIRECTION(CNV) 11 1 IS WFST92 IS EAST NXSN 200

WR~F TMEV, EN* 7 O~v "RCON(CV) S INARY USING DISK NXSN 20'.

IF HISS~fSnQIS HF ASTIN HE TRIG SHFO)LEA DESTROY C014VOYNXSN 220

IF MDIR *I AND SENS - N.SENSORn) OR (DIR a 2 AND SENS - 1 NXSN 240
LET TIME - (gASFISFNS) + CNV.LENGTH(CNY))i VELCTY NXSN 250
SCHEDUJLE A nESTRIIY.C(ONVnY AT TIME.V + TIME NXSN 260

LET 0EST.C-vVlDESTROY.C0NVOIY3 CNV NXSN 270
LET FLAGI NX SN 274

rGn TO M11) NXSN 280
ELSF Of IF THIS IS THE SECOlND SENSOR FOR A CONVOY SCHOUILE THE NFXTNXSN 290

10CONVnY. THIS PREVENT MnRF THAN ONE CONVOY IN NXSN 300
"AREA UNDER SENSOR FOR EACH TRIANGI-F NXSN 310

IF tSENS a 2 AND DIR u 1.) OR ISFNS a N.SENaSD': - I ANI) r)R w 2) NXSN 3?6
LET TIME a CNV.LENGTH(CNV)/VFI.CTY NXSN 330

SCHEDULE A SCHr-n.NFXT.CI1NVfDY AT TIhAE.V + TIME NXSN 340
LEI C14V.P)IRECTI(ONISCHFO.NEXT.CONVOYI DIR NXSN 350
LET PRIFR.CONVIY(SCHEO).NEXT.C0NVOY) aCNV NXSN 360

REGARDLFSS '* UTAIN VELO)CITY AT NEXT SENSOR AND CHECK SPACING NXSN 370
LET NXT.I*;N% Sl 5l!'. 1 NXSN 390
IF 11IR - 2, LE'T NXT.SNS w SENS - t NXSN ?90
RFI'aROLFS NXSN 400
LET X * HF7;AJ.FfKI4DIjRI, 5(2(1W)l. 3) NXSN 410
LET VEL.NXT z x * (IDPPER.RkNOflIR) - LOWER.ssNoOIR).I NXSN 420

+L0WFR.AN0(IkI) NXSN 430
**CHECK PR IOR C(INVUlY ril INSURE WE W0ONT CATCH IT. NXSN 44(1

P; PRF.CNV IS NF (1 1' CONVOY AHEAD NXSN 4511
LET i CNV.LFN(ýTHIPRE.C,4V)/'ST.t4TwN.SENýSOR + .5 *'f-DiIJV NXSN 4h()
Io- OIR *2 #$SENSORS NXSN 470%

LET J J N)XSN 4R0
RFGAQDLEC.S **GFT MAX ý,FNSOR NlJm4FR nF LAST THOJCK IN CONVUY NXSN 4140
LET SFNS.Pfi~fl = SFNS4%..lwR(PkF.CNv) - J NESN 5rOf

IF (OIRnI AND) SFNS.PfI)$j <- NXT.S14S) OR (Illwa 2 ANO NxSN S 10
SFNS.P)(0,1T >- NXT.SNS) '~THFA0 %AY kl- A TRIICK UP NXSN 512
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THEN IF VEL.NXT IS GT VELllCITYEPRF.CNV) 01GOINc, T011 FAST NXSN 520
LET VFL.NXT xVELr1CITYiPRF.C.NVI 'SET SPEEDS EOI.DAL NXSN 5 30

(ITHFqMISF #' NiO TRUCK IMMEOIATFLY AHEAD NXSN 540)
ELSE $1 NO CONVOY IN THE STRING GOING THE SAME DIRECTIOIN NXSN 560

NXSN 560
::'SET TNF TIME OF THE NFXT.SENSOR.FVENT NXSN 570)

NXSAJ 580
LET TIME u (OIST.RTWN.SENSOlR - [AASE(NXT.SNS)/2.0 + HASE (SENS) /2.0)NXSN 590

/VELCTY NXSN 600
SCHFDUJLE THE NEXT.S~or4SnQ CALL;I) INC.INDlCNqV) AT TIME.V + TIME NXSN 610

LET NXT.SENSI~(NEXT.SENSflkJ a XT.S.NS NXSN 620
LET VELflC(NEXT.SEN'SOR) - VEL.NXT NXSN 630

NXSN 640
SCHEDULE THE TIME THE FIRST ANfl LAST TRUCK OF THE CONVOY WILL PASS NXSN 850

ofTHE CENTER nF fHE SENSO1R NXSN 660
'MIDl NXSN 670

LET TIME -RASE(SFNS)/(2.0 * VEICTY) 1' TIME FIRST TRUCK CROSSES N X S" 6140
SCHEDUfLE A min.P(1INT.PASS AT TIME.V-+ TIME NXSN 640

LET CNV.NtIM9PQ (ml O.PtlINT PASS) aCNV NXSN 700
LET SN.Nfl(mif.POINIT.PASS) SENS NXSN 7Q5
LET MARK(MID.PnINT.PASS) u1.0 NXSN 705

IF FLAGIv 0 It NO MORE SENSORS NXSN 106
GO TIM NXSN 707

ELSE NXSN 708
IF FlIST*BTWNoSENSCIR - RASE(NXI.SNS)/2.0 GT CNV.LENGTH(CNV)l'SPEE;D NX SN' 710

'Tim, LET TIME w CNV.LFNGTH(CNV)/VELCTY + TIME '$WONT CHANGE NXSfq 720
GOn SCHO NXSN 730

ELSF 1' THERE WILL RE A SPEFO CHANGrý NXSN 740
LFT TIWE -4nlST.RTWYI.SENSOR - HASElNXT.SNS)/2.0I/VELCTY + NXSN 750

ICNV.LENGTH(CNV) - flIST.BTwN.SENSOR + FBASF-INXT.SNS)/2.0) NXSN 760
/VFL.NXT + TIME NXSN 770

'SCHfl'SCmHEDULE A mTO.pni"JT.PASS AT TIMEoV + TIME NXSN 790
LET CNV.NllIWPER(mID.PO~l'4T.PAS.S) - CNV NXSN 790
LET SN.NnEmIO.POIN7.PASS) *SENS NXSN 792
LET MARK(miO.POINT.PASS) 2.0 NXSN 794

IF BASE(SENS) IS EOIUAL To 0.0 '' THE SENSOR CANNOT RECORD TRIJCKSNXSN 9OO
RETURN NXSN 810

ELSE NXSN 920
SCHF'11LE AN INCREMENT.CHFCK AT T1IRE.V + nELTAS(S.:NS)/(2. * VfLCTY)NXSN 830

LET SENS.NH.HINCRFMENT.CHCKKI SENS NXSN 840
LET CNVY.Ný3RIIhlCkEl4FNT.CHFCK) =CNV NXSN 850

LET DIST.TRAV(INCREMENT.CHECK) a DFLTAS(SENS)/2 0) NXSN S60
IF MA(,.SENS NF 0 Of THE SENS0I. IS MAGNETIC NXSN 864

'.ET nlIST.TRAV( INCREMFNT CHECK) NJHR.UF.TNU)CKS(CNV I N XSN 066t
DTb-.EkW ISE NXSN 868

RE TO R N NXSN 970
E NO NXSN HAU
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EVENJT PRNTMAP SAVING THE EVENT NOTICE m' H. BERMAN R/12/71 IRNTM 10
ofPiRNTM PO
'THI"S EVENT PRINTS AN" FALSE ALARM OR DETECTION THAT KAS OCCURREO PRNTM 30
*$IN THE INIERVAL f)OAD.TIME (IN ANY SENSOR ,RNTM 40
* PRNTM 50

LET TME = TIME.V + DEAD.TIME PRNTM 52
WRITE TME AS /1, 0 (893)1, S 1, "11", t 120, "I" PRNTM 60
SCHEMILE THE PRNT.MAP AT TME PRNTM 70
RFT'IRN PRNTM 8O
ENf) PRNTM 90
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EVFNT rCHEn.6,PFXT.COINVoY SAVING TH': EVENT NOTICE'' M. RER4MAAI 8/10/71 SNCN 10
of SNCN 20

''ThlS EVENT CREATFS ANO SCHFIHI~LES A CONVOY To PASS THROU~tGH THE SNCN 30
S*SI I~f.TEVELOCITY FO'k THE FI4ST SENSOR IS SELECTED) AND SNCN 40

ItA NEXT SENSOR EVENT IS SCHFDULED FOR THE FIRST SENSOR SNCN 50
SNCN 60

nFFINF! DIR,PQF.Ct.iV. CNV, SENS,TROK1 AS INTEGER VARIAMLFS SNCN 70
CRFATF A COrNVOY (CALLED CNV SNCN 80
ADD) I TO NIH.OI).CNV ''CO)UNTS CONVOYS GENERATED SNCN 90

IF NF.nF.CNV C.T MAX.NMR.C0NVS SNCN 92
rOn TO FIN SNCN 94

ELSE SNCN 96
LET DIR aCNV.nIRECTIONf-(SCHEn.NEXT.CnNVO3Y) SNCN 100
LET PRE.00 a PRIER.COjNVny(SCHED.NEXT.CONVOY) SNCN 110
* SELECT A NIJfvfiA OF TRUJCKS FOR THE- CONVOY SNCN 120
LET NBR.nE.TAIICKS(CNV) xTRUCKS SNCN 130
Ann) 1 TO cDN%/Y.SIZE(DIR. NAR.OF.TRISCKS(CNV)) 01 CMOCT STATISTIC SNCN .134
LF'i DIRECTIONiCNV) DIR SNCN 140
AID I TO CNV.CrITRf(D!R) 01 ASSIGN A CONSECUTIVE NBR. TO CONVOY SNCN 142
LET NBR.COi4VfCNV) =CNV.CNT&k(DIR) SNCN 144

SNCN 150
OBTAIN )HE TIME AT THE FIRST SENSOR (NOMINAIL 3ASE) SNCN 160

SNCN 170
LET TIME a EXPIDNENTIAL.F(CNV.RATE(DIR), 3) SNCN 180
IF CONST.CNV =I U'tSER ASKED) FOR CONSTANT CONVY RATE SNCN 1142

LET TIME~ CNV.RATFIDIR) SNCN 144
ELSE SNCN IRA

a'SNCN 190
OBTAN TE VLOCIY TRIJTHE IRS SESORSNCN 2100

'' BTAN TE VLOCTYTHRi TE FRSTSENORSNCN 2100
LET x xorTAJ.F(K1(DIk),K2(O)IkJ,,3) SNCN 220
LET VEL uX *(IJPPER.FiNO(I)IR) - LOWER.RND(DIR)) + LOWER.8ND(DIRJ SNCM 230

''CHECK TO BE SURE WE MAINTAIN AT LEAST ONE SENSOR BETWEEN CONVOYS SNC14 270
SNCN 2H()

IF TIM) * LnWER.RND(nfk; IS LT DIST.HTWN.SENSOR SNCN 290
!F TImE.A(INC.INr)(PRE.CNV)) IS LI TIMF.V + TIME SNCN 291

IF VEL IS GT VELOC(INC.INDIPRE.CNV)) SNCN 293
LET VEL =V':LOC(INC.IND(PRE.CNVH) SNCN 294
GO OUT SNCN 296

ELSE SNCN 2Q7
GO OUT SNCN 298

OTHERWISE 'a CIDkRPNT VELOCITY OP THE CONVOY WILL HOLD SNCN 299
IF VE-L IS GT VELOICITY(PRE.CNV) SNCN 300
LET VEL - VELU(;ýITYIPRE.CNV) SNCN 310

ELSE SNCN 3t4
QEGARDL`St  SNCN 320

'fi IT'tSC 2
T!4lF I:.ST SFN~,flP SNCN 321

SNCN 3?3
LET FIRST.BASE = MASEUL: IF 01'ý 2, Ll- FikST.HASF SNCN 330

IRASFIN.SFNSOR) SNCN 1~40
REGARDLESS SNCN 3SOC

LET TIM'F w TliAF + lNrI%lINAL.F4ASE - FIkST.8ASE)/( 2.0 * VFL SNC1N 3AnO
IF TImE.V + TIMF rT f4AX.TIMF SNCN 364

,1114TIPAZT I rRflM NM .hlF.CJV SNCN
SlISTRACT I Fkf COINVY.SILHUI~,I'JM&4IF-.TRIJCKSECNV)) SNN 6S
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SUAITRACT 1 FROM r#4V.CNTR(DIk) SNCN 3401
GO 0 Fit. SNiCN 366

El.SE SNCN 36A
SCHFOOtLE A 1NEXT.sF~snR CALLED) iNcoiNnICNVI AT YI *. TIMiE SNILN 370
LFT SENS = I IF nIR a 2. LET SENS N.SENSOR RFGARnLESS SNCN 3RO

LET NXT.SFNSRIIN~r ?ND(CNV)l aSENS SNCN 390
LET CNV.NRR (IhlC.hNrfl('CMV)) w CNV SNCW~ 400
LET' VELDC (INC.lNbf(CNV)) - VEL SNCN 410
LET PRItJR.C0NVIINC.ItNMCNJV)) aPRE.CNV SNCN 4?.0
LET RACK. P0I'T (INC. I N(PRE.CNV), CNV U'LPDATE THE BACK SNCN 425

POINTER FOR PRIOR SNCN 426
LET TROKI a NOR.IIF.TRUCKS(CNV) 0' PFRMITS P'RINT TRUCKS SNCN 426wqITF TIME.V.TIPF* TRUIi Iv1 DIRCNV.CNTR(IOIR) AS BINARY SMCN 427

11STNG nISK SNCN 427
IFimn'ESTROY THE SCHEfl.NEXT.cnNyoW SNCN 42A

RETURN SNCN 430
ENn SNCN 440
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Appendix Dl

THE MWPU TAME FORMA FOR THR PATTXEN D271CT109 M&RTU(

if Information from actual sensor data is to be input to the do-

tectiou elgoritboo the following format must be used:

Each logical record represents an activatiou and must be five

words long sorted in ascenvding order on word I.

Word 1-time of activation (decimal).

Word 2-sensor numaber of activation (integer).

Word 3--the integer 3.
Word 4-the integer 0.

Word 5--the Integer 0.

The last three records of the file are special:

Record N-2 (same format)

Sensor 1-time of activation -time of last actual activation + 5.

Record N-i (same format)

Sensor 1--time of activation -time of last actual activation + 10.

R~ecord N (same format)

Word 3--,."e integer 9.

All other words, the value 0.
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Appendix D2

TEE WTflWT FUZ MWaT OEM!U BY TII SWLATIO I ODIL

Bach logical record is f ive words long and Is sorted on the f Ile

in ascending order on word 1.

Word 1--tin. (decimial).

Word 2-sensor number if an activation, or number of trucks In

the convoy If convoy has just entered the string (integer).

Word 3-type record ctods (integer):

1--convoy starts through the sensor field.

2--convoy leaves the sensor field.

3--false-alarm activation.

4--first vehicle of convoy passes the midpoint of the sensor.

5-last vehicle of convoy passes the midpoint of the senasor.

6--vehicle activation.

7-first vehicle of a convoy startaw through a sensor.

8-last vehicle of a convoy leaves a sensor.

9-indicates last record of the file.

Word 4-convoy direction (integer 1 or 2).

Word 5--convoy number. * ach convoy is numbered consecutively

(1 to N) for each direction separately (integer).

The last three records are shown in Appendix Dl.
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In=m %aT NZ ME1 TM Ph2TER DSTRCEION hLQITUM

The following Is a fully setup 6eck to run the pattern detection

algorithm on the Rand IBM 360/65 computer installation. Tape number

002325 in this case contains the output activations of the sinuiation

model, but it could contain actual activation data. (The format is

described in Appendix Dl for actual data, and in Appendix D2 for aim-

ulation or experimental data.)

//C43n00un Jice (5772,300,1201,'ANTHONY P. CIER•V01,CLASSOA
//PAL1;O EXEC SFIIRTGNAME-Lfl(ICX,LlRl- ti4562.LIi2 ,#RECIDN-196K
/iGn.FT06F01 On)0 SYSOIJT=VSPACFu(TRK,(950 1),RLSE),
// fCBs (4ECFMuFRA,LRECLr13,,.LKS!Zmu1330)
//GO.FTOAFOJ nn I)NI1TuTAPF, FSNa.45A2,Vk)LaSER-002325,
// 0C,,(q.FCFM-VF4,BLKSIZF,24l4, LR ECL,24),
// nISPwf)iLLAAEL=,,.IN)
//GOn.sYsIN no

THIS IS AN EXAMPLE OF THE PATTERN OETECT. ALGOR. I)SING SIMULATED DATA 2/12/72
1 24.0 35,0 15.0 24.0 3.5.0 15.O 0.40 0.05

0.5 1000.0 .67 5 3 3 5 60.0 1
0 1.0
7 250.0 250.0 250.0 250.0
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Appeud$.x 7

THE SOUCZ kJSTM3 OF InE LATIUN DVMTECTW ALMLMT3

r MAIN R1i.TINh - LOGIC BOX M. BERMAN 9 SEPT 71 MAIN 10
MAIN 20

THIS ROiriTINE READS ALL NECESSARY INPUT INFORMATION. DIMENSIONS MAIN 30
C ALL A!RAYS ANDo ZEROS THOSE ARRAYS. SOME PRELIMINARY CALCuLAT(I0NIS ARk MAIN 4o
C MAnE. MAIN 50
S** fnEFINITinNs * MAIN 60

C MAIN 70SAVGVFLIK) - AVG. VELOCITY RETWEEM SENSORS FOR DIRECTION K, (KM/HR)KAIN 40

C (1 - WESTROUNO. 2 - EAST$OIJND) MAIN gO
C MAIN 100
C BETA - MAX TIME BETWEEN DETECTIONS IN A VALID STRIP. (HIN.) MAIN 110
C MAIN 120
C wwN I K) - MAX. VELOCITY FOR DIRECTION K. MAIN 124
C MAIN 126
C CSFNS - WEIGHT BELOW WHICH A SENSOR IS CONSIDERED HYPO--aCTIVE MAI 130
C MAIN 140
C DISTIl) - DISTANCE I(M) BETWEEN SENSOR I AND I - 1 MAIN 150
C MAIN 160
C IR!I,K) - POINTS TO THE NEXT AVAILABLE STORAGE CELL FOR SENSOR MAIN 170
C It DIRECTION K MAIN 180
C MAIN 19O
C IDnnpfl.) - MARKS A SENSOR I WHEN DROPPED FROM THE STRING MAIN 200
C 1 0 - NOT DROPPED, 1 - DROPPED) MAIN 210
C MAIN 220
C IKIRAJIK) - COUNTS THE NBR. OF TRAJECTORIES STARTED, DIRECTION K MAIN 230
c MAIN 240
C INACTVII) - THE NUMBER OF CONSECUTIVE PERIODS SENSOR I HAS KEEN MAIN 250
c HYPO-ACTIVE MAIN ?.60
C MAIN 264

C IWTIND - COMPUTE WTS. INDICATOR. IF NOT 0 NONE WILL eE COMPUTO MAIN 265
C MAIN 270

C JSRII) - TEMP STORAGE FOR RNKING SENSOR NO. ON TIME MAIN 274
C MAIN 275
C KAf-RAF - USER GRAPH PLOTTING CONTROL. 0 - NO PLOT. I - GRAPH MAIN 278
C MAIN 27('
C LASTSN(K) - THE SENSOR NO. OF THE LAST SFNSOR IN THE STRING FOR MAIN 2Nio
C DIRECTION K. MAIN 290
C MAIN 300
C MSENS - THE MINIMUM NUMBER OF ADMISSIBLE STRIPS FOR A TRAJ. MAIN 330
C CONFIRMATIOIN MAIN 340
C MAIN 350
C NAIl) - COUNTS IHE ?4sR. OF ADMISSABLE STRIP^ Or! SENSnR I EACH MAIN 360
c PERIOD m.AIeIN 310
C MAIN 38O
C NASTCILK,I) - AnMISSARLE STRIP FOR TRAJECTOR NO. L D0IRiýC. K ON MAIN 390
C SENSOR ý 7 X - VES9 0 - No MAIN 'no
C MAIN 4)0
C NAVLIOII,.IJK) - INnICATflk WHICH SHOWS WHETHER OR NuJT VAl.!D STRIP 'AAS MAIN 420
C AnMISSARLE iN WINO0W OF CELL J , CN SFNS'IR I FOR MAIN 430
C DIRECTION K. MAIN 440

C MAIN 45I)
r NR - THE NO. OF IAAJECTORIES TO RE CONFIRMEn BAFnkc MAIN 46f)
C UPflA7ING WEIGHTS. MAIN 470
C MAIN 4KR

SNCAqIWR - THE DEVICE NO. OF THE CARD READER MAIN 49(0

MA I I I I)I
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C N!n - NO*CEF CONSECUTIVE TIAF PERIOnS tiEFORF HYPO-ACTIVF ,MAIN 510
r, SENSOR IS qORPPEi) FROM THE STRING MAIN 520
C MAIN 530
C NOFTF.C(It - COUNTS THE NO, OF OETFCTI`iNS ON SENSOR I THAT ARF MAIN 540
C SEPERATEn BY LESS THAN KETA MAIN 550
C MAIN 560
"C NISK - THE DEVICF NO, OF THE INPUT DATA DEVICE MAIN 570)
C MAIN 58s
r NrwST-RL) - STORES THE DIRECTION IF THE L-'i4 CONFIRMED) TRAJ MAIN 590
C MAIN 600
C NENO - THE NO. OF CELLS AVAILARLE IN THE WINDOW ARRAYS MAIN 610
C MAIN 6?0
C NnPENT(1TK) - STORES THE CELL NOo OF THE FIRST OPEN WINDOW OF SENSORMAIN 630
C I otn I)IRECTION K. MAIN 640
C PAIN 650
C NSENSR - INITAL NO. OF SENSORS IN THE STRING MAIN 660
C MAIN 670
C NSNS - THE MAXIMUM NtIMAER OF SENSOR THE LOGIC BOX CAN HOLD MAIN 680
C MAIN 69n
C NPRNT - TAE DEVICE NO OF THE LINE PR;P)TER MAIN 700
C MAIN 710
C NRTRAJ(IJK) - THE TRAJECTORY NO. OF THE WINDOW IN THE J-TH CELL ON MAIN 720
C SENSOP I, DIRECTION K MAIN 730
C MAIN 740
C NTJSTRIL) - STORLS THi: TRAJ. NO. OF THE L-TH Ci-NFIRMED TRAJ. MAIN 750
C MAIN 760
C NTRAJC - COUNTS THE NO. OF CONFIRMED TRAJECTORIES MAIN 770
C MAIN 7T0
C NV(I$ - COUNTS VALID STRIPS ON SENSOR I EACH PERIOD MAIN 7NO
C MAIN 794
C PCTSEN - THE PERCENT UF ACTIVE SENSORS REO'OD TO COMF.,M MAIN 795
C MAIN 1OO
C R(I) COEFF. FOR SENSOR I EACH PERIOD MAIN O10
C MAIN 820
C SEGLNT - ROAD S:GMENT LE.TH. 01M.) MAIN A30
C MAIN 840
C TIMFINI) - STORED FINISH TIME OF A VALID STRIP fln, SENSOR I. A4AIN M42
"C STORED ONLY FOR THOSE SENSORS WHICH AME MSFNS OF THE MAIN $43
.t TRINr FNn. (NOTE : ONLY ONE VALI) STIP PER SENSOR IS MAIN $44

C SAVED. A SoF(SEDt'"NT STRIP WILL OVERLAY) MAIN M46
C MAIN 047
C TI ijN (n) - STOfED RFGIN TIKE. (COMPLEMENT Ti') TIMFINI1)) MAIN •4•
c MAIN $49
C TMFFST(I) TIME OF FIRST IMPULSE IN A STRIP )N SENSOR I. MAIN Mj(3

f MAIN 860
C TF.LST(I) - TIME OF LAST IMPULSE IN A STRIP TN SENSOR I MAIN P.tO

MAIN $-Z
C TMFSR(!) - TEMP STORAGE FOR RANKINK LAST DETEC TME FOR SENOR I MAIN 873
r, MAIN P74
C T"RARII,K) - AVG. TIME TI) TRAV.RSF DISTIl) FOR OIRECTION K. MAIN $4(0
f MAIN 841
C TVLuI,0 41 - TIME TO TRAVERSE rISTIl), DIRECTION KFOR MIN VFLOCITYMAIN m•/

(M N - 1) OR MAX. VELOIITY ýM ,'2) MAIN MA4
C MAIN M440
C (lIp4Nno - MIN. VF-LI,•C>TY FOR DIRECTION K. MAIN qn9
C MAIN 41(1
r WllI - THE WEIG4T AtN ADMISSARLE SIRIP ON ,FNSfR I IS MAIN QM. i

im
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rCONITRHIA11INA TO A CONFIRM4ATION4 eACH PERIOD MAIN4 930
MAIN 934

c WPRIMFfI.N) -THE SMOOTHED WEIGT OF SENSOR I DURING PERIOD No MAIN 936

c MAIN 940
C WCAP -Ti4E SUM OF Will eIAST BE GREATER THAN THIS FOR A IRAJ MAIN 9150

C CONFIRMATinN MAIN 960O
r, MAIN 970

C WCNT -MINIMUM No OF DETECTIONS TO FORM A VALID STRIP MAIN 9A0
C MAIN 990)

C WLWTM(1.j*K) - WINDOW OPEN TIME OF WIN.DOW IN CELL J ON SENSOR I FOR NAINIOOO
C DIRECTION K. MA IN 1(10
C MAINIOZO

C W11PTM4IlJ 9K) - WINDOW CLOSE TIME OF WINDOW IN CELL J ON SENSOR I FOR MAIN1030
C DIRECTION K PiAI~4101
C MAIN1050

... THE FOLLOWING ARE USED ONLY WHEN SIMULATING *+ tAINI060

C MAIN1070
C ReGTMEII*K) - THE TIME CONVOY I DIRECTION K ENTERS LAST SENSOR MAINIONO
C OF THE STRING MAtI09()
c MAINLIOO
C FINTME(I#K) - THE TIME CONVOY I DIRECTION K COMPLETES THE LAST 14AIN1110
C SENSOR (OF THE STRING, MAINII20
C MA IN1130
C NFALSE - COUNTS THE NO. OF CONFIRMED TRAJ. NMT DUE TO CONVOYS MAIN1140
C MAINIISO
C NRCrEN(N) -THE NOJ. OF CONVOYS GENERATED OF TRO'CK SIZE N MAIN1160

c MAIN1170
C NRCNOTIN) -THE 40. OF CONVOYS DETECTED OF TRUiCK SIZE N MAIN11RO
c MAIN1190
C NRTR11K (1, K I THE Nil. OiF TROICKS IN CONVOY 1, DIRFCTJON K MAIN1200
C MAIN210I
C NSIZ3 -THE NO. i'p: CELLS AVAILAgLE IN THE CONVOYS ARRAYS MIAIN1220
c MAIN1230
C ++++ SEE ROUTINE GRAPHG FOR VARIABLE DEFINITIONS OF GRAPHS. .4. MAIN1232
C 14AIN1234

COMMON/GRAPHS/ OISTR ,GRMIN I GRPMAXv GRPMIN, 101W! . 101HZ I
1 KAGRAF, KEAST ,KEAST9, KFALSIE. KTRKS t KWEST 9 KWESTRs
A MOMIM , MOJM4 *MEAST , MEASTA, MFALSE, MTRKS 9 AWEST
a MWESTR, NOWIND, NWOI'ITv KEAST1, MEAST1, KWF.ST19 MWESTlo
2 iikU019 AI-fLN.X(2OO), AFALSYI200)v DIRPEXI 25), nIAPEYI 25)s
3 OIRPWXI 25)9 OIRPWY( 25), EASTLX(ISOv EASTLYAISO)v
4 EASTIIXIISO) FASTLIY(150)v POINTX(20O), POINTY(200),
5 WFSTLX(ISO), WESTLY(I50), WESTUX(150), WESTUY115O)

6 TL(S0),TAFLSXtI00)# TAFLSY(100), TnRPEXI 15), TDRPeyI is),
I TI)RPWX(IS15) TORPWYf 1'S), TESTIXO 75)s fF5TLY1 75),
a TESTUXI 75). TESTUY( 75)v TPUNTX(1001, TPUNTY(100)t

9 ~ TWSTLX( 75). TWSTLY( 75), TWSTIJXI 75), TUSTUVI 15)
C(1mmnN/XTRA/ T104gINO(SD), TIMFIN15O), WPRIME(15,15O), PCTSEN, RHO
1 0 NA(100) ,JVALMN1IO)t JASYMNIIDO)
n1MENSII1N AVGVEL(2) sCOMENT(20) qnI ST (15) 1 IDROP(15)q MAIN1240
I IKTRAJ12) ,INACTVftIS5) .LASYSN(2) 904WND(2) t MAINI25(0
7 NAVLfln15,1ol4*),NASTCE4O,?.15),NO)RSTR(?fl) 9NOETEU 15), MAIN120o)
3 NnPFNtdTI5,2) .NRTQAJIl5tIOv2lvNTJSTRf?0) ,NV(15) f, MAIN~ilT
4 (1515 *TMFST(15) *TMELSTIIS) ,TSKAR(1692)t 4A IN 2#4o
5 lipwNOIZ) ,W1,1O WLWT1MI1S91OZ), MAINI29')
6 WIIJPTMIIS15#l,?), 11015921v IERRI16)* JSR(15)),Tt,.-SR(15)9M~AINI300
7 TVEL(IO-9297) MAIN1 304
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MA 1141310

t.**O* THE FOLLOWING, ARRAYS AR~E ONLY FnR C*ONVOY STATISTICS AND ARE NOT MAIN1320
r.** NFCFSSAIY FIIR nPFRATION~ (IF THE LOGIC 80~X MAIN1330
c MAIN1340

DIMENSION IeEGTMFI50,2) 9FINTMEISO,2) ,NRCGEN(20oh NI4CNOT12O)v MAIN1350
1 NRTRIUKI5092) ,LSTCNV(2) 14AIN1360

C. MAIN1370
C **COiNSTANTS MAIN13RO
c MAIN1390

IOImi a ZOO MAIN13(94

101M2 a 150, MAIN1396
MOIt43 a 100 MAIN1391
MDIM4 a 75 MAIN13,48

NCARnR s MAIN1400
Nn1ISK A MAIN1410
N~PANT 6 MAIN1420
NEMO 10 MAIN1430
NSIZ3 SO5 MAIN1440
NSNS *15 MAIN1450
NWARAY u150) MA N 1451
NATJC -40 MAIN1452
NRATRK *20 MAIN1453

C MA INI454
C**** ZERO ER'q(OR ARRAY 9NAI NI455
c MAIN1456

00 25 1 v 1, 16 MAINu1457
25 IERItl) a 0 MAtNl458

C MAIN1460
C**** REAP THE COMMENT CARD -THEN PRINT THE COM4MENT LINCE MAIN1470
C MAIN1480

REAP(NCARDR,1) (CL)MENT(I), I a 1. 20) MAIN1490
WRITE(NPRNT,2) (CoMEAJTII)v I 1.I 20) MAINI500

C MA 1N1510
C**** REAP ALL INPUT CONTROL PARAMETERS ANO PRINT THEM MAIN1520
C MAIN1530

READ(NCARnR,3)109 (AVGVFLII), M4WWNO(I)v IJPUNOCI1), I a 1#2)o, BETA, MAIN1540
I CSENS, WCAP, SF.GLNI,PCTSEN, NH, N0, IMCNT, NSENSR MAIN1550

2 t rRMIN~ , KAGRAF, NIOWIND , RHO OANIS52
IF (Kr) NME. 1) IERR(I) * 5 MA IN1I560
IF 1AVGVEUI1) .LE. 0.0) IEHRI2) & 10 MAIN1570
IF IAVGVEL(2) *LF. 0.0) IERR(3) w 15 MAINISRO
IF IRWWNDI11 -LE. 0.0) IERR(4) a 20 MAIN1590
IF IMWWND(21 .LE. 0.0) IERR(5) = 25 MAIN1600
IF IupwNn(l) .LF. 0.0) IEAR(6) a 30 MAIN161C0
IF IJUPW#ND(2) .LE. 0.0) IFRR(7) a 3:i MAIN-1620
IF JRFTA .LF. 0.0) IFRR(81 *40 KAIN1610
IF ICSENS .LF. (0.0) IER'4(91 45 MA IN1640
IF IWCAP .LE. 0.0) IFERl(10) a50 MAIN16li0
IF (SEGLNT .LF. 0.0) fEkmd11). u 55 MA.INjh6O
MSENS v PCTS1N * NSENSR MA1N1664
IF (MSFNS *LT~r 2 ) IERRI12) V 60 MA I HI 70
IF INR .LE. 0) IFOR(lI) a 65 MAIN16840
IF INn .LF. 0) IF'kMI14) a '71 ' MA IN1 6~40
IF IIWCNT .LE. 0) IER-4t1IS v 75 MA I N 1700
IF INFE1NSi GCT. NSMS) IER-4E15) w 72 MAIN17114

WRITE(NPQNT#4) (AVC.VFI~I)v HN1WNII(ile IIPWNnEI). I a192). WSENSRP MAIN1710
I SEGINT ,PC7SEN, IWCNT9 HFTA, N~i, CSENS. NPo WCAP MAIN1720



C MAIN 173(l
WRITH~NPRNT, 101 KAGRAF 9 Gk~lIN9 NOWIlND MAIN1732
WAITE(NPRNT. 11) RHO MA1N1736

C**** READ) nISTANCE KETWEEN SENSOR~S PRINT MAIN174O
C MAIN1750

nIST(I) = O.fl MAIN1760
REAO(NCAROR',5) is), inlST(I), 1 29 NSENSR) MAIN1770
WRITEINPRNTA) MAIN1780

TOT a 0.0 MA INi1790
01) 20 1 a 19 NSENSR t4AIN180O

TOT a TOT + DISTI!) MAINI10I
20 WRITF(NPQNT*T 7) It IISTiI) MAIN1820

IFITOT *NF. SEGINT) IERR(16) a80 MAIN1830
C SET GRAPH PARAMETERS MA I 183j

KFAST a 0 MAIN!.832
KEASTA a 0 NAIN1833
KFALSE = 0 MAIN1933
I(TRKS a n MAIN1833
KWFST a 0 MAIN1833
KWESTR v n MA 1N1833

KWESTI x 0 MAIN1833
KEASTI a 0 MAINIA33
MEASTI a 0 lA IN 1833
MWESTI a0 MAINIA33
MEAST a 0 MAIN1931
MEASTR a0 MA IN 1833
MFAI.SF a 0 MA I Ni833
riTRKS a 0 MA INIA833
f4EST a 0 MAIN1833
?IWESTR m 0 MAIN1833

NW011IT a n MAIN1833
GkPMIN a 0.0 MAIN1834
G.RPMAX a GRMIN MAIN1935
OISTA a NSENSR + I. MA INI 36

C MAIN 1840
C**** SET AVG. TIME TO TRAVERSE EACH DISTANCE FUR EACH n1fECTIUI4 MAINlA50
C (1) WESTM)INUj tAIN1860
C TSA19)=00MA INIM70

TS8ARI,1) 0.0MAIýJ18H0
ArJ 30 1 a2, 'JSENSQ MAAINIR90

YVEL(19,1, a IST(I)/IUP4Nnji1/60.n * 1000.) MAINIR92
TVEL(I.1,21 a IST11),lEAW'4NOgjp/60.n * 1000.) MAINIM95

30 TSI4AR(I.1) a 0Ir411j/lAVGVEL(1p/b0.0 * 1000.) MAINI900
C MAIN I 910
C 42) FASTliOtIND MA I NI920

Na= NShNSR - 1 MAIN1'930
TSKARINSENS4.2) a 0.03 MAIN 1940
Oll 40 1 a NA MAIN195n

TVELjI.2,1) 2 flWISTlIIl1/1'mswN0(2J/Ao.n * 1000s.) MAIN19',2
TVPL(Io,2)? a O)IST(1I+)/(AWWN0(,;-P/h0.0 * 1000(.) MAIN1954

40 TSKAR (it?) a flISTlIfl)/(AVGVý-Lf2/h0.0 lono.) MAINIQAt)
rSET LAST SENSOR4S MAIN1964

LASTSNII) a NSFNSR iAIN146h
LASTStuE2) a MA IN) h6

C PtAIN197,l
Ca*,* CNFCK Ff114 INPOT rw~llR "uAIN1'Ji0
C AIi4(
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on lo Ia 1 16MA 1N2057

IEQ~R aIFA~k +IF~fI)MAIN202'0

11 R.(P NT, A) C I ItAD (1. K&,1 I~ MAIN2A'40

C MAIN20O6O
CAL~ AL EXIT Y MA IN~q70

MAIN2053

200 30OSi. MAIN2054

TUNSENS) a .9 MAI1N2055)

INATVIT a 0SNR MAIN2IOS

IS TI)I a .9 * 0ITT/ELT T-I1 MAIN205R

JSQ(I * 9~~9 PAIN205A

IF IKAG AF I NF 01CAL RPH(I TM9 PRT MAIN2nS"

JAcN1)~ MA 1N20160

JV**XO ALL N(ARRAY 0 MAIN2070
NV(K * 0MAINU()

NAUJ ul 0 MA1N2100

INACTl1 * 10/FrTISN) MAIN2110

NPIMFTFII) 0fII1 MAIN2120

TM9FSTEIl Qg`0.0q MAIN2174

TMESTMNJ) n . MAIN21f6O
JV RM() a0 MAIN212A

TIMIIOII).0.0MAIN2130
TIFNII) a 0. MAJN2134

a~IK 1./a nTISNR MA 1N2140(

NfPRINTI1,K) W1190 MAIN2144

ITWFFJ(K) 0.0 MA 1N2150

TMLSII 310.0 , ~I MAIN2160
aAVIOl.K an MA IN2170

TLI MI)N I,, 9. MA IN2172

310 IJPmFIN.l) 1(1 .0 MAIN2174

0n 300 K It 2RJ MA IN?281

ii~l*K)a tMAIN2190~

00) 300 It*1 NSIZ3 MAIN2300

NALl~nfVIjt a 0 MAIN;'30i
NATRAJKII,-) a C) MAIN2240

0.0 MAIN?3?fl
400t( 9.1T4 9IKI ) a( 040 MA IN2260

no 400 I s 1. NS.IZ3 MA IN2 3nO

NUYCN(WN) w 0 MA1N?311
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500 NltCi'JTI i 0 MAI N1N60
WPITFINPRNT, 9) MA 1N23h5

C MAIN2370
C**** CALL THE FIRST RAOTINF MA IN2390
C MAIN239n

CALL VAL!Ostim)op , IKTRAJ* INACTV, LASTSNv TVEL 9 14AVILO.- NASTC MAIN2400
I , NI)RSTR , NTOFTECt NOIWINT * NL4TRAJ.1 NTJSTR. NV# R , TMEFSTMAIN241fl
2 9 TMFLST, TSHAA 9 IJPWNr) . W , WLi4TM , wOP)T14 , (H MAIN2420
3 # HECATME9 FINTMEt N.&CGEN, NRCNOT, "JRTRI)K. NkTJC , NfBRTRKMi'IN243(I
4 #NENO 9 NSIZ3 9 NSNS ,-RETA v IWCNT , NSENSR, MSEm'S MA1N2440
5 CSENS t NO) , NK 9 0 ,LSTCNVNr)ISK, NPRNT 9 MAIN2?441

6JSR ,TMFSR 9 WCAP , NWAR~AY ~I MA1N2442
CALL EXIT MAIN2450

C MA IN2460
C**** FORMATS MAIN2470
C MA 1N2440

1 FI3RMATt20A4) MA 1 N'2490O
2 FnRMAT(1M1,20X,57H*** PATTERN RECOGNITION FOR VEHICLE FLOW PAST SEMAIN2500)
INSOPS ***// lOX, 20A4) MA IN2 510

3 FORMAT1I2,FA.0, 7FlO.O/3F10.0,4110,FA.2,p 12/ 12 , F6.21 t'AIN2520)
4 FIR MAT I IH0,2RHWFSTHO'INfl. AVG. VFLflcITY a FR,?, 7H KM/HR.. 2X MAIN2530
I 21H4 MAXIMUM VELOCITY = 9 F6.2925H K/HR MINIMUM VELOCITYMAIN2540
2 3H a1 , F6.2//2RH EASTHoUt'fl: AVGC. VELOCITY a*F8.2, MAIN2,55
3 30H4 KM/HR. MAXIMOM VELICITY x, F6.2. 12H K/H4 N 114, MAIN2561)
4 ITMIMIJM VELOCITY F6.2# 514 K/HR//IW'THERE AR . 13, M41N2570
5 30H4 SENSORiS ON A RHUAF) S~rmINT OiF FA~.29 14H M.* AT LteASI s MAIN2580
8 F4.3.3SH ARE NEFýII~F) To CIINi;IIM T44AJECTI1RItS// 9.4 A VALI') t * N>4(
7 24HSTRIP CONTAINS AT LEAST i 13#24H OETFCTIONS NO i~lURF TH4NrMAIN26AOO
A tF7.3,11H MINI. APART//lW , 13,24H TRAJ MI1ST RiE CONEFIRMED) , WMAN2610
9 55HRE-FOQE 1IPOATII"G WLEI(HTS. ANY SFNSfOR HAVING A WT. 14FLOW ,MAIN2?60
A F7.39/ 51H IS HYPO-ACTIVE Abn) WILL 4SE DR41PPEI) FROM THE STRINGMAIN126-30
A 7A AFTFR 9 13. 21H4 CONSECUTIVE PERIOt)S.// 12H4 THE Sum OF *MAINI2640
C 2QwWwEIHTS M1UST kE rlREATFR THAN # F7.3,13H TO ACCEPT A , MAJN2b650
0 ?4HYRAJECTUI4Y CONFIRMATION.) MAIN2660

5 FORMAT(12,FrR.O. 7E1O.0/tAFIO.O) MAIN2670
6 FnRMAT1lNO, lOX. 7H SFNS()4* SX#14W4 nISTANCEOM.) /)MAIN26RO
7 FOR;4ATEIIWO, 13X, 12s IlXf 1-7.2) MA IN26'00
A FI)RtiAlllI7-4)*G* FRRURS: , 1612Xv 13)) MAIN2700
9 FOqMAT ( )Hl. TX ,M&1N27nl

A 20H WiNnnw CLtis~t TIMC-Sv52X.41IICfNvnY ENTF-RS OR LEAVFS (NO MAIN27fl1
I1TRI ICK ) STPING/IH ,5HSEN'SR, 3X, SHrLOSE, TX, 4H(IPFN, 5X. 3HOIR, 2XtMAIN'270?
2 AHTRAJ Nll., 39X, 1IOHCONVIIY NO., ?X, 3HOIR,7X, 4H-TI.4E.3X, .4A1N2706
3 64TRIICKS I MAIN270A

10 FI1UMAT(PnOGRIADHINc, COnltTkfL 12,? 3X. 2OHMINIITFS PFR GRAPH a tAIN2710
I FR.?. 3X9 JR~wWJNllr.,4S ON (ml) a 14) MA~IN2712

11 FORMAT (?9HOTWF SMOO.THING CONSTANT IS a F6.4) MAIN2714
F MAIN2718k
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C qm!TI,,E CHKADM M. 9ER146N 9/16/71 CHKA 10
C CHKA 20
C THIS RflhiTIP~E CHECK A VALID STRIP ON SENSOR I FOq ..0rIISSAHiILITV. IN (.HKA 10
C AOOJITI(1N IT WIL.L CLOSE ANY 4INnrbv THAT SHOULD 8F CLOSED ON SE"ISOR I . CHKA ý-0
C CHKA 50

SLDMRn11TINE CHKADM fInROP 9 IKTRAJ* INACTV, LASTSN, fiWN0?SI , NAVLIDCHKA 60
1 NASTC , N')RSTtR, KPRNT 9 NOPENITt NRTRAJ, NTJSTRvCHKA 70
2 NV, R , FIRSTM* PASTTM, TSHAR . IJPWND , w 9CHKA 40)
3 WLWTNI v WIIPTM * I A , MEGTME 9P RINTME, NRGEN ,CHKA 90
4 KCNOT NRTRUK* NRTJC , NBRTRK* NENI) , NSIZ3 ,CHKA 100
5 NSNS 9 RETA , IWCNT , NSENSR, MSFNS 9 CSENS ,CHKA 110

NO, NB9 1 9 NTRAJC, LSTCNV9 WCAP, NqARAY ICHKA 120

C, CHKA 130)
COnmON/GRAPHS/ nISTR * ARMIN , CRPMAX, GRPMI.It IDIMI , Il)IA2

1 KAGRAF, KEAST v KEASTR, KFALSE, KTRKS , KWEST v KWESTR 1
A mD!M3 . MDIM4 v MEAST , MEASTR, MFALSE, MTRKS , MWFSTt
B MWFSTR, NOWIN0b, NWI011IT. KEASTI. MEASTT. I(WEST1. MWESTI,
2 Z(200), AFALSX(200), AFALSY(2nO), DIRPFXI 25), DIkPFVI 25),
3 DIRPWX( 25), ()IRPWY( 25)v EASTLX11501. EASTLY(15O),
4 EASTUX(IS0), EASTIJY(150), PUU'-TX(200), P'JINTVI200),
5 WESTLXI1%0), WESTLY(150)t WFSIkUX(150), WIFSTU.Y(150)
6 ,TL(5019TAFLSX(100), TAFLSY(100), TORPEXI 15), TDRPEY( 15)9
7 TDRPWX( 15), TDR~PWY( 15), TESTLXf 75), TESTLYC 75),
a TESTUX( 75), TESTIJYI 75)v TPONTX(100), TPONTY(100),
9 TWSTLXI 75), TWSILY( 75), TWSTUX( 75)t TWSTUY( 75)
CE1mmnN/XTQA/ T!M'II'10(50) * TIMFIN(50)
DIMENSION IDAO(1FI), NASTC(NRTJC,2t1I"Si4SP, NOfPENT04SNS,2), CHKA 140

1 IKTRAJ(l) , Wt)PTM(NSNcS,NFND,2 ), WL4ITM(NSNS,fNEND,2)CHKA 150
2 ,NAVLMD(NSNS,NFFý0#2)i LASTS~dl) ,NRTRAJ'(NSNS.NENQ,2)CHKA 160
3 , 1(NSNS,2). INACTV(1), i4WWND(1)v~,NRSTR(I), NTJSiR(1), CHKA 164
4 NVyu), R(l). TSAAR(l)v IPWNOII), W(I), BECTME(l). CHKA 165
5 FINTMEM1, NRGEN(1)9 NCNI)T1I1) NRTROK(1), LSTCNVI1) CHKA 166

C CHKA 170
C**4* CHFCK FOR AnmiSSAfIILITY IN ROTH DIRECTIONS CHKA IHO
C CHKA 190

W)0 900 K a 1. 2 CH 1 200
C CHKA 210
C**** IS T14FRE A WINDOW OPEN ON THIS SENSOR ? CHKA 220
c CHKA 230

IF (NOPFNT(I,K))l0tb0. 90, 140 HKA 240
C CHKA 250
C**** START A NEW T1RAJ. - OPEN A WINDOW IF REMAINING SENSOR CAN CONFI.RM CHKA 26'0
C.**O* A TRAJECTORY. CHKA 270
C WESTtiOuND ? CHKA 280

90 IF IK - 1 ) 120, 120. 95 CHKA 2(90
C ITS EASTBOUND C /A 300

45 IF (I - MSýNS) 106, 100, 100 CHKA 310
CCHECK THE NO. REMOVED CHKA 320

10") ICHE-CK UICHKA 330
no ins ii - 1, I CHKA 340
IF (I IORP(I TI))101. 105, 103 CHKA 3,i0

10-4 IC"HEK - ICHFCK - 1 CHKA 3',c)
1ns c0NTIN11F~ CHKA 370

lIF IIC-HF!K - MSENS) 106, 10?, 107 CHKA' 380)
C CHKA 380r
C****' SAVE THI; VALID STRIP THATS MSENS FROM THE STRING ENID. CHIKA 3Ht'
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r CH'(A 393

106~ TI llM.Nl I(I) = -I RSTM CHKA 344
TIMFINIJI a PASTTM4 CHKA ýiS

nn TO 90,1 CHKA 3A16

C CHKA 3q'ý

C*** START A NJFW TRAJECTORY CHKA 400

C CHKA 4 1!'
167 II = I H IX A .g

110 IKTRAJIK) a IKIRAJIKI, 4 1 CHKA 430

c CHECK SIZE OF NASTC ARRAY CHKA 432
ICKNAS =((IKTqAJ(l)+ IKTRAJ(2))/(NTRAJC + 1)+ 1) C, 3,

IF (ICKNAS .GE. NRTJC% GO TO 1050 ~IA436
IK = WOn(IKTRAI(V.j, NR7.JC,) CHKA 440

IF (1K) 112 v 1129 115 CHKA 45'

112 IK *NRTJC CHKA 46t

C ZFRO aI)M.STRP CNTRCHKA AID

115 DI) 117 12 = 1. NSENSk CH-KA 4S10

117 NASTC(II(,K,12) a 0 CHKA 490
C FIRST ADM. STR!P CHKA 50n

NASTC(IK*KtI) 1 CHKA 510

C OPEN WINDOW (IN NXT SENS CHKA 520

C CHKA 536
CALL CHKOVL (119 1K* K 9 1 v FIRSTM, PASTTm, 0 v0 , L4STSNv CH.( 540

1 inkop , TSIAAR 9 HWWkND 9 IJPWNF) , WLWTM , WUP'Tm , CHKA 550

2NOPFNJT, NAVLIO,9 NRTRAJ. 1WA , NEND 9 NASTC * CHKA 560
3 NPP NT, NlkTJC , hlSS q.'INSIS+1. NSENiSR I CUKA 570

GO) 0 9()0 C'4KA 580

C WESTrnIJNn CHrCKS CHKA 590
120 NSW aNSENSR + CHKA 6o0

IF If - (NSW - SENSH) 12ti, 125, 13A CHKA 610)
CCHK THE AID REMOVED CI4KA 620

00l 130 11 - 1. NISI-hisl CHKA 640
It--I)I)( l 1010, 13". 127 Ci4KA 650

1?7 ICHECK a ICHECK - 1 CHKt 660)
130 CONTI1NU1 E CHKA &1() 0

IF ItCHFCK( - MSENS) 13019, 1159 135 CHKA 680

C*A**~ DITTO RFmARK% STATEMENT 10A CHKA 6A?

C CHKA 683
138 TI[MtNI(I rII) FISTM CHKA 684

TI4FINII) - PASTTM CHKA 685b
ronjro qno CHKA 6H16

13S /1 sI I + 1 CHKA 690
GO TI) 110 CHKA 700

C CHKA 7 10.

C**** TH1-tF IS AN iipFNWNO NTI ES& CHKA 7P0

r fITAIN CELL Ptn. iFL FIRST OIPEN WINflO4 CHKA 730I

14n J * NOPENT(I.K) CHKA 7',')

r'tlo* OI)FS HrTTIM OIF VALID STR IP EXCEED THIS WINOOW UJPPER TIME ? CHKA 770)

14? IF IFIRSTM - (I'Plf4(I,J.K)) 1449, 144. 200 CHKA 7940
C CHKA ROO 4

CQ* q l!)I IS Tkr VALID STRIPJ 'AiLOW, 
T HIS nrhf-d WIND0OW 7 CHKA RIO)

CHKI' f)?I



144 IF IPASTTM - WLWTM(Iv,!'v(f 901 146,146 CMWA 830
C CeIKA S440
C**** N61 ITS IN THE WINDOW, SHOtILn wINOOW NOjW BE CLOSED) ? CHKA 850
C Ci-KA 960
C COIINT THE A0)1l STRIP CHKA 962

14#6 NASTC(N~RTR4J(!,J.K)* K, I) 8 1 CHKA A64
IF (PASITM - W(UPTM(lJ*Kl) 163, 1414, 143) CHKA 87n

C C,4KOA 88
C~***4 YES CLOSE IT. IS IT TH-E ONLY WINDOW4 nPEN ?CI4KA 890
C CHKA 900

149 WRITEINPRNT91) It WWPTMf19JK), WLWTM(1,J,K)t K, NRTRAJ(I*J*K) CHKA 91.ý

C S-C 4060 011TPUT HERE *~++4+CHKA 92n
IF ( KAGR6F F-O. 0) nrR. (NOWINI) *EQ. 0) ) GO TO 1'? CHKA 932

CALL SETqAY C V,1, Wl$PTM(1iJK), WLWTM(I,JtK) ICHKA 934
147 IF~ (J - (91#IK) - 1)) 14q 0 1601 1470 CHKA 940

C NuTE: IRCIK) C4N HE SMALLER 1Hi .J. CHKA 941
1470 IF (J - fIV41,K) + NENO - 1)) 149, 1601 1030 CHKA 942

C CHKA 950
C**NO 714FRE -ARE MORE WINDOWS OPEiN. IJPUAIE THE WINDOW POINTER CHKA 960

C CHKA 970
144 i TFHP I CHKA 980

IF (ITFMP - NENn) 154, 154, 152 CHAA 990
132 ITEMP 1 CHKA1000

""0IPINT19IIK - ITEM4P CHKAIOI1?
62C HK A).020

C 'He( A 1O01
C* -ý T~i4). iS THE ONLY, UPEiv WINo. iW. L. IT. CHKA1040

CHKA105()
16n NOPENT1I,I') x 0 CHKA1060
1112 NAVLIDI 1,19K )a 0 CHKA1070~

C CHKA1090
C~*** IF ITS THE LAST SENSOR IN THE STRING THEN TH'- TRAJ. lb .,LAIPLETE ; ',..A1090

IF It - LASTSN(.()) ItERe 168, 165 CHKA1 110
16A CALL TRAJCM fNRTRAJ1IIJvK)t j Ks PASTTIA, D)ROP p rSENS , INACTV.CHKA1I20

I LASTS'J, NASTC. v Nit N0, NI)RST~q, 'TJSTR9 MSENS v NV 9CHKA1130
2 NTRAJC, 4 , TSMAk , WCAP o W 9 51NS , NSIZ3CHKA114O1
3 , NRTJC , NtiRTRKv AFGTME9 FINT14F. NrNDT * PoRTRCIK. NPRNTCHKA115o

4 , LSTCNV, NSNS+., NSgNSR* WLWTM4(I9J,K)*t4WWN'0, NW6QAY ) CHKAIIAO
GOr Tn q00 CHKA1 170

C MARK. A VALID STRIP CHKAllI'(J

141 NAVLID(I,JK)u I CHKA1190
C flHKA 1200

OPEN ..INnnfw ON NFXT JEiWS0R CHKA121lO
165 IF (K -2) 170, 190, 191 CHKA122f)

L a 1 +1 CHKA1l230I
"n. TO 190 CHKA I24f0

It L a - ICHKA175t(f

19nl CALL CHKnVL (L * NQTQAJ119.19KI, K . I , FIRSTM, PASTTH. 0 , S#C.4iKtl?"t
I LASTSN, IDRUP . TSM4AR, AWWN~U , 1IP4Ni) 9 V'LTM , WJPT&,,CHKA12 /'0

2 NECPFNT, NAVt.tD,'d'TRA.D. IM 9 ENFD , N11STC , Nsf'RNT,CHKA12M()
3 NgATJC * NSNS v NSNS+,.I#SFNSR 1 CHKA1240

G~O Tfo Q00 CHKA1I3n4t
C CHKA131It

C,*... TH611"IS "lile TM6N nNE 'itWOOW (10IMF fit' HE '4ISSFf) 9k HAITH. CHKA13?f)

C CLnsF CIIRRENT WhJI'hf)W CHKAI340

Lai-



200l ARITFOIsPANTe1) 1. WiI)PTA.(IJ,1K)s WLWTM(ItJoKho K, FiRTRAJ(I*JvK) CHKA1350
C S-C 4"0 OUIITP1JT WERE +++....+ CHKA136()

IF I (KAGRAF .EO. 01 nfR. INOWINO .E0. 0) 1 GO TO 20 CHKA1362
CALL SETRAY fK.1, WIJPTM(IIJvKJ, WLWTM(wJgJK) CHKA1364C IS THIS THE LAST SENSOR C;4KA137C)20 I (I - LASTSN(K))2079 205, 207 CHKA1380

205 CALL TRAJCM (NqTRAJETvJ,K)t J9 K. Wt)PTM(ItJKlv !OROp 9 CSENS I CHKA1390
I IN#CTV, LASTSN, NASTC , Wt* NO, NDRSTkq NTJSTR iMSENSCHKA1400
2 9 NV 9 NTqAJCt R , TSAAR 9 WCAP , W @NSNS CI4KA1410
3 * N51Z3 9 NRTJC , NRRTRK, KEGT#4E, FINTME, NCNDT.#1RIR(IK CHKA1420
4 9 NPANT , LSTCNV, $JSNS.1, NSENSR9 WLWTt4(I*J*K)t tBWWNI)# CHKA14.30
s NWARAY PCHKA1432
GO TO 225 CHKA 1440

s CHKA 1450
C**** HAl) A VALIE) STRIP EVER FELL IN THAT WINDOW ? CHKA1460)
C CHKA1470

207 IF INAVLIO4lJ,K)) 1040, 210. 220 CHKA 1480
c CHKA1490jC**** NO! EXTEND TRAJECTOR~Y CHKA1500

C210 IF (K-2) 21,25 15CHKAI52n
214 L a I + 1 CHKA1530

GO TO 216 CHKA1540
?-I, L a I - 1 CHKA 1550(
216 CALL CHKOVL (L * NRTRAJIIJvK) , K 9 I n .o0, 0.0, 1 *j , CHkA1560

I LASTS.'J !0m)p t TSIBAR # AWVINf , lPWtgf , WL.WTM, WIIPTM,CHKA157n
2 NOPENT, NAVL10, NRTRAJ# 1j4 9 NENr) i NASTC, NPRNToCHKA1SRO
3 NRTJC9 NSNS 9 NSNS+1, NSENSR P CHKA15VO
GO1 10 225 CHKA 1600

r CHKA1610
C**** A VALIn STRIP HAS FALLEN IN THIS WINOOW.. ZERO CNTR CHKA1670
c CHKA1630
220 NAVljIflTJ.K) w 0 CHKA1640

r CHKA1A'50
1.411K AT THE NEYT WlNrOOW IF THERE IS ONE. CHKAl66n

f. CHKA2670

2SJ aJ + CHKA1#JROIF iJ- yJ~iopn 2213, 22A9 226 CHKA1690
224 IF IJ - IRII,K)) 230. 240, 230 CHKA1710

C THRE I. UPATE NTR CfKAI720230 N(1PI4NTII,K) a J CHAA17301
G0 TO) 142

r NO MO*RE A, . CMKAa?"a)
?4nl Nr.PFlTrIIKP 0 C HK A17n~n In (.n CI4KAI 77
900 CNINTIMiIE CHKA17MO

R FlI~a CHKAI790
c CHKATA(OO

C**'FflqRý,ATS Ar~' MESSAGE$ CHKAIAIO

FI fdR*AY(jw , 12, 3?. F9.39 IX. F9.3* 4X* 12, 4X9 13) CHKAI830100io WQITF(NPONT. InON) NnPFNTII,K), 1, K CHKA1m4f)
1002 FflQ$-AT f1SH00*0 ERRIIQ 5')0 *1110) CU4KA185O

Chi.t, FXIT CHKAIMISO
l01A WAIJlF!NVJ4ANT.Ij0I ) IflWfloafl II I o K CHKAIA17I)
1011 FORMAT115Hnost FR1- S~it) 3110) CHKA1RWO



CALL EXIT CHKAI890
103n WAITEIN"RT,1O10) Jt IB(19K)v I, K CHKAI900
1031 FnR0AT(IjH0*** ERAUR 520 9 41101 CHKA1910

CALL EXIT CHKA1920
1040 WRITEINPRMT91041) NAVLIOIqtJK)9 I J. K CHKA1930
1041 POiMATIfSMO*** ERRO 530, 411) CHKA1940

CALL EXIT CHKA1950
1050 |CKNAS nI|CKNAS + 1)/2 CHKA1952

WRITEINPRNT|0511) ICKNAS 9 IKTKAJ(I), IKTRAJ(2) CHKA1954
1051 FORMATI51H0****e EqqnR 5s7: ARRAY NASTCE*RTJC9 2v NSNS) MUST , CHKA1956

1 47N*AVF'NRTJC DIMENSION AND INOEX INCREASSO A80VE ,I5,CHKA1957
2 // iHO, 16X,12NTRAJ. CMP - 1 14, 19HTRAJ 8FGUN, WEST 9 ,CHKA1958
3 14, AN EAST - , 14) CHKA1959

CALL EXIT CHKA195A
tjNn CHKA196o

I __,=- |-m... •



4-3-

C 4011TINE C4KlfVL M 14,ERHAN 9/13/71 CDVI 10
IC COVI. 20C THIS RMIITINE IS CALLED WHPN A WINDoW IS CLOSED ON A SENSOR. IT COVI. 30C O)PENS THE WINDOW ON THE NEXT SENSOR. IT CHECK FOR WIND)OW OVERLAP., COVI. 40C TH4AT IS IF A WINDOW TO) 1E OPENED) OVERLAPS A PREVIOPIS ONE THE A %COV1 S0C SINGLE LA'qGe WINDOW IS MADe. IF TIr: OVFRLAP IS FRO-1 Two DIFFERENT COVI. 60C TRAJECTOIRIES ONF LARGE wijrww IS CREATED "'WITH THE TRAJECTOR NO. CoVI. 70
C OF THE I~LnwWRwINDOW. THF ROUITINE A1LSO EXTENDS 4INDJUWS9 THAT IS* IF COVi. ADC A WINDOW IS CLOSED THIAT NCEVER CONTAINED A VALJID STRIP IT IS EXTENDEDOCVL 90C THE AVERAGE TIME. OVEAI.AP IS ALSO CHECKED DURING EXTENSION. CDVI. 100
C CoVi.It1oSUBROUTINEF CMKOVIII.. NTJv K 9 14, THEFT. TMELT. IEXND, NRCEL , COVI. 120

I IASTSN. JOROP , TSBAR9 TVEI. 9 1PWND 9 WLWTM , COVI. 130
2 WUPTM # NQPENT. NAVI.IDvNRTRAJ, I1' , NEW) # CDVI. 1403 taASTC , NPRNT 9 AiRTJC vNSNS, NSN2 , NSENSR )COVI. 150C CGVI. 1.60C I - ~SENSOR NO ON WHICH WINDOW IS TO HiE OPENED VI17

C NTJ - TRAJECTORY N14114*ER CDVI. to0C K - DIRECTION COVI. 190C I - PREVIOUS SE'4SOk CDVI. 2004C NACEL -~ CELL NO OF WINDOW ON PREVIOUS SENSOR THAT IS CLOSED CDVI. 210C CDVI. 220COMMOn/XTRA/ TIMUNOISO), TIMFIN(SO) CDVI. 225
DIOENSIOA' LASTSN(1', IDROPIL)v UPWNO4II, II5(NSNS92) 9 CDVI. 2301 NASTCINRTJC,2.NSNJSITSRARINSN

2.Z), WL'4TMINSN5,NE14f,)v2, C0VI. 2402 w~lPTM(mSf4SNEN02) .NOPFNT(tJSNSt2),NAVLID(NSNS9,NEND,
2 )v COVI. 2503 NRTRAJINSNS9NENDq2)q VI(S222 CDVI. 260

I m 16 CDVI. 26XTF4EFST a TMEFT CDVI. 262THEIST a TIWEIT CDVI. 263
IEXTND a IXnCV 6C CDVI. 270C**** WAS PREVIOUS SENSOR LAST IN THE STRI NG CDVI. 280C 

COVI. 290
80 IF MK - 2) AS, 909 1010 CDVI. 300AS IF It - LASTSNIKI) 1009 95.95 COVI. 30290 IF I. - I.ASTSNIK)) '.59 95. 100 CDVI. 3049S RETURN CDVI. 310

C CCVI. 320C**** Nni SEE IF SENSOR L HAS OEEN REMOVED. CDV%. 330
C COYL 340100 IF (IrlROP(L)I 1000 2009 11D COVL. 350C CDVI. 360C**Sw IT HAS SKIP A SENSOR CDVI. 370C CDVI. 3.00110 IF IK - 2 ) 120.130.1010 CDVI. 390l170 L aL + CDVI. 40090 TO 100 ClVI. 411)130 L aL- I COVI. 420

C COVI. 440

p"I IExT'ar) 1020, 210s 2zn COVI. 490'
c~COVI. S5's.



C** Nnt ITS CAUiSED BY AN Ar3NISSABLE STRI CCVI.51
C COVI 520

210 WOTME a ITNMELST + TmEFST) * S5 + TVFULl,K92ý COy'. 530
wCTME a ITt4ELST + TNEFST) v .5 + 1VFL(I.*,fl COVI 54C0
flO TO 300 COVI. 550

c COVE 560
C**** YESI EXTEND WINnOw COVL 570

e.COVI 5802C OM LWMNCL K) + TSBAR(1,,K) COVL 5<;(
WCTME a WUP194(I, NRCEL* K) + TSBARILtKI COVI. 600

CCOVI 6 13
C** 11. CHFCK FOR OVERLAP IF THERE IS AN OPEN WINDOW ON THIS SENSOR COVI 620
C COVI v)30

300 IFkNflPENTfL*KJ) 1030, 310, 400 CCVI 640
C COVL 650

C**** (A) NO OPEN WINDOW, OPEN.ONE. CV 6
C COVL 670

310 N a IS(L,K) COVI 680
NOPENT(L,K) a N (rOVL 690

320 WUIPTM(I,NK) m WrTf4E COVI 700
WLWTM(LtNK) a WOTME COVL 710

C ZERO VALID STRIP CNTR. COVI 720
NAVLID(INK) - 0 COVI 730

C SET TRAJECTORY NO. COVI 740
NRTRtAJ(IN*K) mNrJ COVI. 750

c SAVE THIS CELL Nnl. COVI 754
NS3 a N CIJVL 756

C LUPDATE FIRST AVAIL CELL COVI. 760
N aN + I COVI 770

If (N .GT. NENI', N a 1 CUVI 7RO
18(IK) 0 N COVI 790
c CDVI 791

C**** THIS SECTION T'STS TO SEE IF THIS NEW WINDOW NOW*BRACKETS A CUVI '192
C**** PREVIOIUS VALIn STRIP THAT WAS TOO CLOSE TO) THE STRING ENO TO BE CL'VL 793
C**** ADklSSII'LF. IT MAY NOW CAUSE AN ASTI AN OPEN A WINDOW ON NEXT SEN.COVL 79S
C POVI 796

IF (TImFlN(L) -wOTME) 390, 330, 330 CDVI 797
130 IF(TIMtIN(I)() -WCTME) 340, 34C, 390 CCVI 79A

C ITS IN NEW WINL~'W COVI 799
340 NAVLID(LONS3,K) I CDVI 744

NASTC(NT.19K#L' I COVI 79K4
C 0* , WlINlD0( ON NEXT SENSOQ CDVI 79C

TMFIST a rlMFINII) COVI 79ri
'JIEFST a TIHIlNn1L) COVL 79F
IFXTNn w 0 CDlVI 791;
I a L CCVI. 79(;
IF I& - 2) 3S0,~hO* 1010 CCVI 74H

(;t) TO s0 COVI 79.)
360 L a I - I C(#VI 79K(

1-n T f AC COVt 791
390 RET'I'AN CnVI R0n

C CfCVI A10
C**'i) Tw~qF Is A wINDOW OPEN CCVI 820

C 11HTAIN LAST OPEN CELL N0C6.VL 940

4n0l Jj lA (I.'' I CllVL Aso~



IF (JI *LT. 1) ?1 - NENT) COVL A66
C 0$'TAIN ITS TRAJECTORY NOCEIVL 8 70

J2 a NRTRhJ(L, JI, Ki COvL 880
C t."VL 890

C**IS NEW wiNDOW FROM SAME TRAJECTORY AS THE O10 COVL 900
C COYL 910

IF 02Z - NTJ) 420t 410, 420 COVLv 920
C COVL 930

C**YES? JUST EXTEND UPPER WINDOW COVL 940
C COVI 950

410 wt)pTMfL.JlK) a WCTME COvI 960
RETURN COVL 964

C COVI 97(1
C**NO? CHIECK FnR OVERLAP, COVL 980

C COVI 990
420 IF (WOT'4E - W0PTM(I,,J1.K)) 500. 5009430 COVL1000

C CcGVLLOIO
C**NO OVERLAP. OPEN A NEW WINDOW COVLIOZO

C COVL1030
430 N a IBIL#K) CCVL1040

GO TO 320 C(UVLI05()
C COV41060

C** (C) WIN,)OWS OVERLAP. EXTEND CURRENT WINDOW COVL1070
C COVL108O

S00 WUPTMILJlK) a WCTRIE CUVL1040
C COVILiOO

CN* ERGE ADMISSAI4LE STR1IPS INTO Ctj#.RENT WINDOW. CUVLII2O
C CDVL1130

nn 520 12 u Is NSENSR (ý0VL1140
IF (NASTC(NTJo K, 12'i) 10409 5~20, 510 COVL1I5n

SID IJ~~ASTC(J?. K. 12) a1 ~V~ls
520 CnNTYNIOE COVililO

RE TV4N COVLIlRO
C CUVII 190
C**** ER'QOR MESSAGES COVL12nO
C COVL1210
1000 WRITF(NPONT.LOQ1) L , IoRnptL) COVL1220
1001 FORMAT11SWO*** ERROR 230 v 21101 COWL 1230

CALL EXIT COVLi.240
1010 WRITF(KOPRNT91flh1) K COvL1250
1011 FOR,4hT(1SHO*40 ERRflR 240 ,110) COVL1260

CALL EXIT COVL127O
1020 WRtITEINPRNTvlnZL) PEXTNO COVL128A
1021 PoaMAT(ISwO*** ERRO23 250) ,l~ 111CovI I2q(

CALL EXIT COVL130C)
1030 WRITF(NPROUT, 1031) Lo KvN0PfNT(L9K) COVL13iAn
1031 FflbNATI(5n0**o FWRflR 260 , 3110) COVL1320

CALL EXIT COVII 330
1040 WtITEINPSINT, 1041) tJTJv K. 12t NASTC(NTJ*Kt 12) COYVL1340,
11141 F00MAT(I5+tfl*s* EmRifl. 270 , 4110) COVL13S[0

CALL EXIT COYL1360
END CDVYL1310
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c mIIN HK11 , B~ERMAN 9/13/71 CWIN 10
C RflITIN 20hI
C THIS ROilTINE CHECKS WINDOW IN B~OTH 0IRECTIONS Tfl SEE IF ANY CWIN 30
C SH61JLO BE CLflS~r. THE CHECKS ARE MADE IN THE PROPER SEOUENTIAL rJROERCWIN 40
C FOR FEACH OI)IACTION . THE ASSURES THAT WINDOW WILL B~E CLOSED IN THE CWIN tO
C pq~F *~t-kq CWIN 60
C THE RflITINF flPFQATES IN TWO MODES: CWIN 70
C (1) ALL WINDOWS ARE CHECKED - Nn VALID STRIP CHIN 80
C (2) ALL WINDO(WS EXCEPT FOR SENSOR I ARE CHECKED -VALID STRIPCWIN 90
C ON SENSOR ICWIN 100
C CWIN 110

SUBROUJTINE CHKWIN(IDRDP , IKTRAJ* INACTV, LASTSNP BWWND , NAVLID, CWIN 120
I NASTC , NnRSTR, NPRNT , NOPENT, NRTRAJ, NTJSTR, CWIN 130
2 NV, R , FSTTME, PSITME. TSBAR , UPWND , W 9 CWIN 140
3 WLWTM , WOPTM , IM v EGTME, FINTME, NRGEN , CWIN 1.60
4 KCNOT , NRTROK, NRTJC 9 NBRTRK, NEND , NS113 , CHIN 160
5 NSNS , BETA # IWCNT 9 NSENSR, MSENS , CSENS , CWIN 170
6 NO , NB ,IS , ISWTCH, NTRAJC, LSTCNV, CHIN 180
7 WCAP . TMELST, TMEFST, NWARAY ) CHIN 180

C cnmmr)N/GRAPNS/ rISTR , G;IMIN 9, GRPMAX9 GRPMIN9 IDIMI. 9 101HZWN19

I KAGRAF, '(EAST , KEASTR, KFALSE, KTR(KS * KWEST 9 KWESTR
A MDIM3 * MnIM4 , MFAST , MEASTR, MFALSE, MTRKS , HI-EST

8 WESTR, NOWIND, NWQOIIT, KEASTI, MEAST1, KW'SST1, MWESTI,
2 Z(:'.0),~ AFALSX(200), AFALSY(200), DIRPEX( 25)o DIRPFYI 25)9
3 nIRpwx( k5). COIRP1V( 25), EASTLX(I50), EASTLY(I50),
4 EASTUX(15O), FASTLJY(150), POINTX1700), POINTY(200),
5 WESTLX1150), WESTLYII5O), WESTIIX(150)q, WiSTUV(15O)
6 *TL(50),TAFLSXIIOO), TAF.SY(10O)h TORPEX( 15), TIORPEYI 15),
7 TnRPwxl 1S)# TI)4P'Y( 15). TESTLX( 75)v TESTLY( 75)9
a TFSTU'cI 75),p TEST(UY( 75,, TPOINTX(100), TPONTY(100),
9 TiW.STLXI 75), TWSTLYI 75), TWSTUX( 75)t TWSTIJV( 75)
fl!MENSs0N IBINSNSs2), IDROPII), NAVLIDUASNSNENO92,2NOPENT(NSNS,2)CWIN 200

1 , LASTSN(1) 9 WUPTm(NSNS, NEN9, 2) t WLWTM(NSNS#NEND92) CWIN 210
2 , NRTRAJ(NSNSNENO,2), IKTRAJI1), INACTVII), fHWWND(l) v CHIN 2)2
3 NASTC(l), NORSTR(1)t NTJSTRII), NV(1)9 RU),v TSBAR(l), CWIN 213
4 UPWNO(I)v Wil), HEGTME(1)e FINTME(1, NRGENI1),NCN0T(1),CWIN 214
5 LSTCNV(1), NRTRIJKfl3i, TMELSr(fl, TMEFST(l'2 CWIN 215

C CWIN 220
NSS u NSNSR + 1 CHIN 230

C CHIN 240
C**'* START WESTROuNn DIRECTION FIRST CHIN 250
C CHIN 260

nn 900 K -1. 2 CHIN 270)
1 0 CHIN 280

On 910 11 n 1. NSENSR CHIN 290
IF (K - 2) *0C, 110, 110 CHIN 300

L00 I a I + I CHIN 310
GnC TO 120 CHIN 320

kin 1 a Nss -Il1 CHIN 330
C CHIN 340
CO*O* CONTINOF IF SENSOR IS F)ROPPt;A) FROM HESTRING CHIN 350
C CHIN 360

120 IF I!nROP41)) 1000, llnv 910 CWIN 370
C CUIN 3.,0
COO** CONTINOPe f;J NO) HINnow IS (JPFN ON THE SENS.OR CHIN 390
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CCHIN 400
130 IF INOPENT1I, K)) 10109 9109 140 CHIN 410

r CWIN 420
c**** CONTINUE IF THE STRIP ASALIONTSSESRCHIN 430

CCHIN 440
140 IF (ISUTCH) 1609160, 150 CHIN 450
15n IF (I - IS) 160,910, 160 CWIN 460

C CHIN 470
C**** O)BTAIN CFLL NO, OF FIRST OPEN WINDOW ON THIS SENSOR CHIN 480
C "CWIN 490

160 J a NnPENT(I,K) CWIN 500
C CHIN 510
C***O SHmuLD wiNDOnW BE CilOSED. IF NOT CONTINUE CHIN 520
C CHIN 53.0

170 IF (PSTTME - WUPTMElI.JK)) 910, 910, 172 CHIN 540
C CI4K FOR EXTENDED CWIN 541

172ý IF (TMEFST(I) - WUPTI4(I,.JiK)) 174, 174, 140 CHIN 542
174 IF (PSTTMF - TMFLSTII) - BETA) 910, 91O,I.RO CWIN 545

C CHIN 550
C**** CLOSE WINnOW SECTION CHIN 560
C CHIN 570

IA0 WQITE(NPRNT, 1) It WIJPTM 1 IJ,K) ? WLWTM(IJtK)f K t NRTRAJ(IJvK)CWIN 5?I0
C S-C 4060 OUTP(JT HERE CHIN 590

IF I (KAGRAF EO.* 0) .(IR. (NOWIND *EO. 0) 1 GO TO IRS CWIN 591
CALL SETRAY I K, It WUPTM(I#JtK)o WLWTM(Ivj1,K) ICWIN 595

C CHIN 609
C**** SEF IF A TRAJECTORY IS COImPLETED CWIN 610
C CHIN 620

IRA IF (LASTSN(K) - 1) 200. 190, 200 CHIN 630
C CHIN 640
C**O* TRAJECTORY COIMPLETEn CHIN 0550
C CHIN 660

190 CALL TRAJCM (NRTRAJ(I, JqK) , J , K , WLDPTM(I*J,K), IOROP ,CSENS CWIN 670
1I INACTV, LASTSN i NASTC , NOT, Nn, NnRSTR 9 NTJSTR, CHIN 68()
2 MSENS , NV ,NTRASJCt k 9 TSKAR , WCAP, W. CWIN 690)
3 NSNS # NS113 ,NRTJC. t NiARTRK, HECTME 9 FINTMF ,.CHIN 700
4 NCNrDT 9 NRTRIJK, NPQNT* LSTCNV@ NSNS+1, NSENSR , CHIN 710
1; WLHTNfIIJ,K) , SWWNI) , NWARAY I CWIN 712

GO TO 220 CWIN 720
CCHIN 730

C**** HAS A VALID STRIP EVER FALLEN IN THE wINnOW ? CWIN 74c
C CWIN 75'ý

700 IF (NAVLInfI, Jo K)) 1020t 210, 220 CWIN 760
C CWIN 770
C**** NO VALIll STRIPS. EX1FNn i4INfOO. CHIN 780
C CHIN 7'40

210 13 o I + I CWIN 800
!F(K FnO. 2) 13 a I - I CO'IN RIO

CALL CHKOlVL(13,NRTkAjfI,J,K), K 9 It FSTTME9 PSTTME, It Js LASTSN*CWIN Ah429
IDREIP. TS5RAR, tHWWNO, IIPWNn, WI.WT" 9 WIIPTM* NOPENTo CWIN RIO
NAVLIflNRT4A., IM # NENO . NASTC ,NPkNT PNRTJC, CHIN M40

NSNS . NSNS,1v'NSENSk CWIN 84.2
r CHIN M60'

I:q* IT HAS HAS VAL1.1) STRIPS GO T9l NEXT OPEN WINDOrW IF THERE IS ONF CUIN 97()
C CHIN RAO)
?70 J J .1 I CHIN A q(,

IF (J .GOT. NF-tonJ i a CwIN 900



IF WJ 18419IK)) 230# 2409 21r6 CW!N 91,0
C CWIN 920
,c**** e'OQF OPIFN WINnOws. UPOATE OPEN WINDO~fW POINTER4 CWIN 930

C CWIN 940
230 NOP6iNT119K) * J CWIN 950

GO) TO 1,70 CWIN 960
C CWIN 970
C**** No MORE OPEN WINnows ON SENSOR 1. CWIN 980
C CWIN 990

240 NOPENT(I.K) a 0 CWINIOOO
910 CONT INIJE CWIN1IOJ
goo cnNT INUE CW IN 1020

R ETIJR N CW IN 1030
C CW IN 1040
C**** ERROR MESSAC-ES CWIN10SO

C CW!N1060
1000 WqiTE(NPRNT,IO) I 91DROP(l) CWIN1070

10 FflRMATISHO*** ERROR 210 ,2110) CW INiORO
CALL EXIT CWIN10QO

Jo0n10 RI'TEINPRNTv20) It K. NOPENT(I,KJ CWIN1IOO
20 FOQMAT1156;0*** ERROR 2209 3110) CWIN1110

CALL EXIT CWIN1120
1020 WRITE(NPRNT#10211 It Jo K, NAVLOI~l,J.1K) CWIN1022
1021 FORMATfii:0*** ERROR 230 94I1in CWIN1024

CALL EXIT CWIN1024
I FORM4AT( 1H4 v 12, 3Xv F9.3, 3X, F9.3v 4X9 129 4X9 13) CWIN1130

ENO CWIN1140



C ROIITINF GNTTRJ M. RERMAN 9/15/lT CNRJ 10
C CNRJ 20
C THIS ROtTINE IS CALLFrj WHEN A TRAJECTORY IS CONFIRMED. IT CNRJ 30
C nETERMINES IF THE CONFIRMED TRAJECTORY IS IN FACT A CONVOY CNRJ 40

-7 C TRAJPCTORY CNRJ SO
C Ct4RJ 60

SUBROUTINE CNTTRJ ITMCLOIS, TMOPFN, K, AEGTME, FINTME, NRTKUK, CN9J 70
1 NRCNOT, NSIZ3 9 LSTCNV ) CNRJ 80

CNRJ 90
DIMENSIOIN REGTMEINSIZ3,2), FINTOEHNSIZ3.2)9 NRTRIIK(NSIZ3, 21, CNRJ 1oo

1 NRCNOTlI9, LSTCNVII) CNRJ 110
C ORTAIN PNTR TO LAST CONVOY CNRJ 120

N * LSTCNV(K) CNRJ 130
C IF 0 A DETECTION WAS MADE PRIOR CNKJ 134

IF IN) 4009 400, 90 CNRJ 134
C IS WINDOW 4FLOW CONVOY STRIP? CNRJ 140

90 IF (TMCLOS - REGTMEIN,K)) 200. 100, 100 CNRJ 150
C NO. IS CONVOY STRIP COMPLETED?CNRJ 160
C CNRJ 170

100 IF (REGTME(NK) - FINTME(N,KI) 110. 400 , 150 CNRJ 180
C CNRJ 190
C IS WINDOW ABOVE CONVOY STRIP CNRJ 200

110 IF (TMOIPEN - FINTMEINKl) 150, 150, 400 CNRJ 2IO
C CNRJ 220
C**** CONVOY IS DETECTED CNR., 23n
C CNRJ k40

150 NRCNnT(NRTRIIK(N,K)) a NRCNOT(NRTRUKINPK)) + I CNRJ 250
C PERMIT ONLY I OETECN/CONV()Y CNRJ 254

LSTCNV(K) a 0 CNRJ 255
RFTTIRN CNRJ 260

C CNRJ 270
C**** 41) TO EXAMINE THE PREVIOUS CONVOY STRIP CNRJ 280
C CNRJ 290

200 N a N - I CNRJ 300
IF IN)220, 210. 220 CNRJ 310

210 N a NSIZ3 CNRJ 320
220 GO Tn 90 CNRJ 330

ITS A FALSE TRAJECTURY CNRJ 340
400 R(T•RN CNRJ 3S0

DERIIG INIT INRCNnT)
ENO CNRJ 360

I!
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C SIIARliTINE gRAPH M. BERMAN 11/11/71 GRAP 10
C GRAP 20
C THIS ROITINE IS CALLhD (I) WHEN SETTING UP INITAL GRAPH. I11) WHEN GRAP 30
C ANY (IF THE CO)RDINATE ARRAYS FOR DETECTIONS OR FALSE ALARMS AFE GRAP 40
C FILLER. (111) WHEN AN IMPULSE IS LARGER IN TIME THAN THE CIIRRENT GRAP 50
C GRAPHS Y(MAX). GRAP 60
C GRAP 00
C ++++ DEFINITIONS FOR GRAPHING .. + GRAP 90
C GRAP 100
C APALSX(IOIMI) - SENSOR DISTANCE COORDINATE FOR A FALSE ALARM GRAP 110
C GRAP 120
C AFALSY(IfImli) - TIME COORDINATE FOR A FALSE A0ARM GRAP 130
C GRAP 140
C OIRPEX(InIM3) - X COORDINATE OF TRAJ. COMPLETE MARKER. EASTBOIJNn TRAJ.GRAP 150
C GRAP 160
C OIRPEY(InIM3) - TIME COORDINATE OF TRAJ. COMPLETE MARK. EASTbNI) TRAJ. GRAP 170
C GRAP 180
C DIRPWXIIOIM3) - X COORDINATE OF TRAJ, COMPLETE MARKER. WESTROUND TRAJ.GRAP 190
C GRAP 200
C OIRPWY(IIM3) - TIME COORDINATE OF TRAJ. COMPLETE MARK. WEST6ND TRAJ. GRAP 210
C GRAP 220
C DISTR - THE MAX. X COORDINATE. NSENSR + I GRAP 230
C GRAP 240
C EASTLX(II0M2l - SENSOR COORO. FOR LOWER WINDOW OF EASTBNO TRAJ. GRAP 250
C GRAP 260
C EASTLY(InIM2) - TIME COORO. FOR LOWER WINDOW OF EASTROUND TRAJ. GRAP 270
C GRAP 2AO
C eASTUX(IOIM2) - SENSOR COORO. FOR UPPER WINDOW OF EASTROUNO TRAJ GRAP 290
C GRAP 300
C EASTIY(InIM2) - TIME COORO. FOR UPPER WINDOW OF EASTHOUNO TRAJ. GRAP 310
C GRAP 320
C GRmIN - THE USER SPECIFIED MINUTES PER GRAPH. GRAP 330
C GRAP 340
C GRPHIN - THE MINIMUM TIME COORO FOR A GRAPH GRAP 350
C GRAP 360
C GRPHAX - THE MAXIMUM TIME COORD FOR A GRAPH GRAP 370
C GRAP 3HO
C IDIMI - THE DIMENSION OF THE AFALS AND POINT ARRAYS. ISET IN tRAP 390
C ITHE MAINGRAP 400
C IDIM2 - THE DIMENSION OF THE EAST AND WEST ARRAYS. IRTN. GRAP 410
C GRAP 420
C KAGRAF - USER GRAPH PLOTTING CONTROL. 0 - NO PLOT. I - PLOT tRAP 424
C GRAP 425
C KEAST - COUNTS THE ENTRIES IN THE CAST ARRAYS. GRAP 430
C GRAP 440
C KEASTR - COUNTS THE ENTRIES IN THE DIRPE ARRAYS. GRAP 450
C GRAP 460
C KFALSE - COUNTS THE ENTRIES IN THE AFALS ARRAYS GRAP 470
C GRAP 4h0
C KTRKS - COUNTS THE ENTRIES IN IHE POINT ARRAYS. GRAP 490
C GRAP 500
C KWEST - COUNTS THE ENTRIES IN THE WEST ARRAYS GRAP 51r)
C GRAP 520
C KWFSTR - CnoINTS THE ENTRIES IN THE DIRPW ARRAYS GRAP 530
c GRAP 54l
C POINTX|IDIR|I - SENSOR COWDINATE UF A DETECTItN rR MI)-POINT PASSAG(; GRAP 550
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C (iRAP 560
C Pflhr"TYfInIRl1 - TIMF C0l)JR(INATI: OF A OETECT.ION OR MID-POINVT PASSAGE GRAP 570
C GRAP 58C
C WFSTLX(tiPR2i - i SEE GRAP 590
C WESTtL'wInIO?) - I THE GRAI' 600
C WETXII2 - I EAS GRAP 610
C WESTt)YfmIR2) - I nEFINITUINS GRAP 620
C GRAP 650

StJOR011TINV- GRAPH (ISWTCHt TIt4E9NPRNT) GRAP 660
cnmmON/GRAPHS/ nISTR ,GRMIN v GRPMAX4 GRPMIN* mDIMI , 101M2 v
I KAGRAF, KF.AST ,KFASTR, KFALSE. KTRKS , (WEST , KWESTR
A mOIm3 I mnIM4 , MEASIT 9 MFASTR, MFALSE, A4TRKS , MWEST

R MWFSTR, NOWINI). NWQUIT, KEASTI, ME4ST1, KWESTI, MWEST1,
2 Z(200)0 AFALSX(200), AFALSY(200'l, DIRPEXI 25), I)IRPFYI 25),
3 (OIRPWXI 25),o DIRPWYI 25), E-ASTLXIISO)t EASTLY(15O),
4 EASTUX(150), F.ASTOY(150), POINTX(20O), POINTY(200)9
5 WESILMSO5), WESTLY(150), WAESTUXIISO). qESTUVUS5O)
6 TPL(50),TAFLSX(100), TAFLSYIIOO), TD)RPE;(f 15), TDRPEY( 15).
7 TI3RPwxf 15). TORPWY( 15), TESTLX( 7S), TESTLY( 75),
8 TESIIJY( 75), TESTIJYI 75)v TPtUNTX(100)9 TPIJNTY(100),
9 TWSTLX( 75). TWSTLY( 75)f TWSTIIX( 75)t TWSTUY( 75)

C GRAP 670
C**** IS IT FOR ITIAL GRAPH SETUP ONLY ? GRAP 680
C GRAP 690

IF (ISWTCH) 100, 100, 600 GRAP 700
C GRAP 710
C**** NO!1 PLOT POINTS GRAP 720
C CHECK FOR ARRAY ERRORS GRAP 730

100 IF (KWEST - 101M2) 110g 110, 1000 GRAP 740
110 IF (KFAST - 101)12) 120v 120, 1000 GRAP 750

C GRAP 760
f***** PLOT TRIUCKS FIRST. USING + SIGN. (FflR ACTUAL 04TA ALL DETECTIONS GRAP 770
C WILL BE IN T.HIS ARRAY) GRAP 780

120 IF fKTRKS) 140,. 140, 130 GRAP 744
130 CALL SETSMG U.o ~5, 0.0) GRAP 790

CALL SFTSMr, (?, 53 .75) GRAP 792
CALL SETSMG fU, 94, 1)4+) GI4AP 900
IF (NruIWIN10) 137, 134. 137 GRAP 902

134 CALL-SETSMG (?, 55, 2.0 IGRAP-804
CALL SETSMG (7, 84. 1H3) GRAP 806

137 CALL POINTG (Zv,KT'JKS, POIINTY, PUINTX) GRAP 910
KTkKS u 0 GRAP 820

C GRAP 840
C*,*** PLOT FALSE ALARMS GRAP 850
C GRAP 860

140 IF fKFALSE) 160, 160, 150 GRAP R70
15O CALL SPTM, (U. 55. 2.0) (iRAP 880O

CALL SFTSMr, 17, 53, .7S) GRAP 84~2
CALL SETSmf', (7, 84, )H3) GRAV 840(
CALL POINTO (7, KFALSE, AFALSY, AFALSX) GRAP 9J00

KFhLSE a 0 GKAi' 410
C**** PLUT WINOWS GRAI' 920

LEAST FIRST U tPPER WIND) (,MAV 930
16n IF (KFAST) 175. 175. 170 (;RAP 4'¾0
170 CALL SFTSM(G I?* 55.@ 1.0) GRAV '450

rAC t., -,FTS'4c. f7, 5*A. 1.,) G44AP 9)
CALL SFVF)Mt', (Z. A4, iN!I) GRAP. 91,(



CALL Pn0TGJT IZ, KFAST, EASTUY, FASTUX) C, A P (080
KEAST x0 (;RAP q82

C. LOWER 4INfl0W GRA 990)
175 IF (K'ýASTI) 180,180,177 GRAP 994
177 CALL SFTSMG (7., P49 IH)) GRAPI()oo

CALL PnINTG IZq KEASTIEASTLY, EASTLX) GRAPIC-LO
KiEASTI 0 GRAP1020

C NOW WEST -UPPER WINDOW GRA01fl30
ISO IF (KWF.ST) 1s95 195, 190 GRAPj()40
190 CALL SETSM(; (Z. A49 lHL) GRAP 1050)

CALL SETSMG (It 531,1.5) GRAPlOS?
CALL SFTSMG (Z9 55, 2.0) GRA P 060
CALL POINTG (Z, KWEST, WEST'J1Y, WES TUX) GRAP1062

KWEST a0 GaAPI072
195 IF (KWEST1) 200,p 200, 197 GRAPI074

C LOWER WINDOW GRAPIC90
197 CALL SETSMG IZq 84, 1H>) GRAPI 100

CALL SETSMG (Zv 55, 0.0) GRAPtIl11
CALL POINTG 179 KwEST1.i'ESTLY, WESTIX) GRAP1 120

KWEST1 - 0 GRAP1130
C, GRAP1 140
C**** PLnT TRAJECTORY CONFIRMAJON MARKS (<- GRAP1150
C WEST FIRST GRAP1160
200 :F (KWESTR) 220, 220, 210 GRAP1170
210 CALL SFTSmn(7v 55, 2.0) GRAP113C

CALL SETSV~G (Z, 53v 1.5) GRAP1 182
CALL SETS.MG(Z, A4* 1HZ) GRAP12w)
CALL SETSMn' IZ, 549 90.) GRAP1202
CALL POINTG(Z, KWESTR, OIRPWYp DIRPWX) GR AP121 0
CALL SETSMG Cl, 549 0.) GRAP12 12

KWESTR a 0 GRAP1220
C, EAST NEXT GkAP1230

220 IF (KEASTR) 300, 300, 230 GRAP1240)
230 CALL SFTSMG(Z, 55t 2.0) GRAP1250

CALL SETSMc, (7. 51, 1.5) GRAP1262
CALL SETSMC,(Z, .,4, LHY) GRAP 1270
CALL SETSMG (7 54, 90.) GRAP12R2
CALL Pfli'TG(Z, KEASIR, OIRPEYt DIRPEX) GRAP12l?$0
CALL SFTSMC, 17.. 54, 0.) GRAP1272

KEASTR a GRAP I?90
C ~GRAP 1300

C**** IF TIME FXCEEQS 11MAX) PRINT GRAPH, AOVANCE To NEXT GRAPH GkAP1310
C GRAP1 320
c GRAP132?
C**** TRANJSFER OVJERTIMES rRAP1I3?A
r 6kAP1329

300 IF (GRPMAX + GRMIN - TIME) 120, 320# 310 GRAP1330)
310 IF (NWf3IJIT) 12n. 500. 320 GkAP 13"'2
3?0 NW~tIIT 39 0 G;RAP 1334

GRPMIN a GQPMAY GRAP1I 136
rRPMAX - GHPMAX + GRMIN CR AP1 I33$

CALL PAGCr (T, 0. 1. 1) GRAP 1340
CALL TRNC.I-R (MEAST , XrAcT . FAST.IIX, FIASTtIY, TESTIJX, TPSTIJY) GRAP1346
CALI. TmwSFQ f MFýAST I Kf-ASTI, FASTLX, FASTLY, TiýSTI-X, TFSTLY ) GRAV1I34H
CALL. TQNSFR 1`44.1FST , Kt-frT , wFcSTt)X WFST'II. Tw.S riux. rWSTIIY) 6 R AP1 'I,(
CALLI TQNýFQR MWFSTl, K'.,:T I, ýi T L X, WFSTLY. TVISTLX, TWSTIY) (k ,1
CAI.L T' , I M Tk 0 K KT14K! , Pf) !N TX , v~f I N TY, TproNT X TPr)sJ I Y 6 ;IAPI 31)'.
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CALL TRNSFR I MFALSF. *KFALSEv AFALSX9 AFALSY* TAFLSX, TAFLSY) GRAP%1356
CALL TRNSFR IMEASTR, ,Q:ASTR, DIRPEX, DIRiPEY, T0)RP-X, )DRVEY) GRtAI13,3
CALL TRNSFIR MWESTR, KWe-STR# nIRPWX, I)IRYiY# fflRPk')X, TORPtlYl GRAPl360

C SETUP NEW GRAPH GR A P1370
400 CALL SUAJEJG Qt, cRPMAX, 0., GAPMIN, 1.0) GRA V 13W)0

CALL nRJCTr. IZ9 .1, .1, 1.23339 .9) GRAP1384
CALL SETSMG, Q, 100. 1.0) GRAP'1399
CALL G.RIOC, 17, -5.0. 0.0s 0, 0) GRAP1392

CALL SETSMG (Zv 14, 0.0) GRAP1396
CALL SETSMrG (Zq 46, 90.) GRAP1400

C GRAP1404
J . GI&AP1408

0'0 410 1 a * 11 GRAP1412
SPEC *GRPMAX - J *(GRPMAX -GRPMIN)/10. GRAP1416
j aj I GRbP1420

410 CALL NIIM4Rrt (Z, SPEC, -.06, 4.0, SPEC) GRAP1424
X wGRPI4IN - GR'41N/100. GRAP1428

0n 420 1 - 1, 50 GRAP1432
CALL NJMBAG (Ut Xt TLII)v 2, 1) GRAP1436

IF (TLIT) .GT. .949) Gn TO 430 GRAP1440
420 CnNTINIUE GRAP 1444
430 X - GRPMIN - 3. * GRMIN/100. GRAP144~3

CALL LEGNF)6 (Z, X, .42, 131 13HSENStIR NUMBER) GRAP1452
CALL SEISMG (Zo 46, 0.) G;RAP 1456

X = rRPMAX - GRMIN * .4 'GRAP1460
CALL LFGN0G (, iz x -.07.11 ,11HTIME (MIN.)) GRAP1464

500 RETURN GRAP1470
800 CALL. MODESG (7,0) GRAP1471

GO TO 400 GRAP1472
10on WAITE(NPRNT,1010) GRAP1472
1010 FnqMAT 149H10***** ERROR 117 DECREASE THE NO, OF MIN./GRAPH GRAP1474

CALL EXIT GRAP1476
ENO GRAP)I47S
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C Rr01TINE RFAD M. F.RMAN 9/11-/71 REAl) 1()
C REA) 20
C THIS ROUlTIk'E RPArDS THE TIME nF A DETECTION AND THE SENSOP NO, ONJ REAl) 30
C WHICH IT OJCCilRS. Fri 1uSE wITH THE CONVOY SIMI)LATOR IT RFAr)S WHEN A REAl) 40
r COiNVOY STARTS THRIi THF STRING, AND WHEN IT LEAVES. ALSO THE TIMES READ 50
C A CONVOY MFrINS AN0 L$AVES AN OPERATING SENSORS SPHERE nF INFLIIENCE.READ) 60
C TH-SF ADI)ITInNAl. REAOS PERM'IT KEEPING STATISTICS ON CONVOYS AND READ 70
C TRUE TRAJECTORIES. WH'EN THF. PROGRAM IS USED SOLEY AS A LO;IC HOX READ RO
C THIS ROUTINE SHOULD ONLY CONTAIN DETECTION RFADS. REAl3 90
c READ 100

SUBROUTINE READ(REGTIE, FINTME, NRTRLUK, NRCGEN* NSIZ3, NDISK. READ 110
• NRCNr)T, NPRNT , ISENS , TIME , NRRTRKNTRAJC, READ 120
2 LSTCNVLASTSNNWARAY, W,NB', NSENSR, NSNS READ 122

c READ) 130

C'MMON/GRAPHS/ DISTR • GRMIN , GRPMAX, GRPMIN, IDIMI v IDI,2 ,
1 KAGRAF, KEAST , KEASTR, KFALSE, KTRKS , KWEST , KWESTR 9
A MOIM3 * MnI614 v kEAST , MEASTR, MFALSE, MTRKS , MWEST 9
B MWESTR, NOWIND, NWOUIT, KEASTI, MEASTi, KWESTI, MWEST1,
2 Z(2nO), AFALSX(200), AFALSY(200), DIRPEXI 25), DIRPEY1 25),
3 DIRPWX( 25)9 DIRPWY( 25), EASTLX(150), EASTLY(150),
4 EASTUX(150), EASTUY(150), POINTX(200), POINTY(200),
5 WESTLXI15O), WE-STLYiISO), WESTUX(150), WESlUYiItPO)
6 ,TL(50),TAFLSX(100), TAFLSY(100), TORPEX( 15), TORPEY( 15),
7 TDRPWX( 15), TORPWY( 15), TESTLX( 75), TESTLY( 75),
8 TESTUX! 75), TESTIJYf 75), TPONTX10O0), TPONTYI100),
9 TWSTLXI 75), TWSTLY( 75). To'STUX( .75), TJ4STUY( 75)

DIMENSION REGTME(NSIZ3,2), FINTME(NS113, 2), NRTRUKINSIZ3, 2), READ 140
1 NRCGENII) , NRCNOT([) ,LASTSNI() #LSTCNV(1), W(1)REAr) 150

C READ 160
C EACH RECORD CONTAINS 5 WORDS: READ 170
C WORn I - TIME READ 180
C WORD 2 - (A)SENSfIR NO. OR 18) NO. OF TRUCKS IN THE CONVOY RE)AD 190
C WORD 3 -- CODE READ 200
C 1 - CONVOY STARTS THRU SENSOR FIELD READ 210
C 2 - CONVOY COMPLETES SENSOR FIELD READ 220
C 3 - FALSE ALARM DETECTION READ 230
C 4 - MID-POINT PASS (FIRST TRUCK) READ 240
C 5 - MID-POINT PASS (LAST TRUCK) READ 250
C 6 - TRUACK DETECTION READ 2h0
C 7 - FIRST TRUCK STARTS THRU A SENSOR READ 270
C A - LAST TRICK LEAVES A SENSOR READ 2R0
C 9 - INDICATES ENq OF FILE READ 290
C WORD 4 - CONVOY DIRECTION READ 300
C WORD 5 - CONVOY NLDMRFR READ 310
c REAr 320

90 REAn(NOISK) TIME, ISFNS, ICOiE, K, NRCNV READ 330
GO TO (404, 500, 200, 300, 300, 100, 600, 700, 900), ICODE READ*340

C READ 350

C•*** NORMAL TRUCK DETECTION READ 360
C READ 370

100 IF IKAGRAF .En. 0 ) RETURN READ 37S
C GRAPH DETEC"IUN READ 3AO

IF INWOIJIT) InS, 103, 105 READ 3RI1
103 IF (GRPMAX + GRMIN - TIME) 1059 105, 110 READ 3RI
10o ASSIGN 120 To IRET READ 382

GO TIf gon READ 3A3
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1ln IF (KTRKS - IflMli 120. 105, 105 READ 3A4

17)IF ITIME *GE, rRPMAX) Gn TI) 125 R~EAD 3H4
KTRKS a KTAKS + I READ 395
POINTX(KTRKS) a TLUISENS) READ 386
POINTY(KTqKS) m TIME READ 3A7
RETURN READ 388
MTRKS m mTRKS + 1 READ 3A9
TPONTX(MTRKS) a TL(ISENS) READ 390
'fPIINTY(MTRKS) a TIME READ 392
IF (MTRKS *G. MrF)IM3) NWOUIT 5 5 READ 394

RETURN READ 396

C READ 400
C**** FALSE ALARM DETECTION READ 410
C READ 420

200 IF (KAGRAF .EQ. 0 ) RETURN READ 428
C GRAPH OETECTION READ 430

IF (NWOIWIT) 2051 203. 205 READ 431
203 IF (GRPMAX + GAMIN ; TIME) 205,205, 210 READ 432
20S ASSIGN 220 TO IRET READ 434

GO TO R00 READ 436
ý1n IF (KFALSE - IIml) 220, 205, 205 READ 439
220 IF (TIME *GE. GRPNAX) GO TO 225 READ 439

KFALSE - KFALSE + I READ 440
AFALSX(KFALSE) m TI(ISENS) READ 442

AFALSY(KFALSE) = TIME READ 444
RFTURN READ 446

22; MFALSE v MFALSE + 1 READ 447

TAFLSX(MF4LSE) = TLIISENS) READ 44A
TAFLSY(MFALSE) = TIME REAn 449

IF (MFALSE .GE. MDIM3)NWOIJIT - 6 READ 449
RETURN READ 449

C READ 450
C**** MnI POINT PASS READ 460
C READ 470

300 IF(IKAGRAF .EO. 0) .OR. (NOWIND .EQ, 0)) GO TO 90 READ 478
C GRAPH MID-POINT READ 490

IF (NWOUIT) 305t 301, 305 READ 481
303 IF IGRPMAX + GAMIN - TIME) 305, 305, 310 READ 4R2
305 ASSIGN 320 TO IRET READ'*44

G40 Tf Ro0 REAn 486
310 IF IKTRAS - IDIMI) 320, 305, 305 READ 4RR
320 IF (K - ?') 330, 3401 330 READ 491
330 RSENSR a TL(ISENS) + .01 READ 492

GO TO 350 REAl) 494
340 RSENSR u TL(ISENS) - .01 READ 495
3S0 IF (TIME .GE. GQPMAX) GO TO 370 READ 496

KTRKS w KTRKS + I READ 496
POINTXIKrRKS) a RSENSR REA) 497
PnI4TY(KTRKS) a TIME READ 44A
GO Tn go READ 499

370 MTRKS a MTRKS I REEAl) 49A
TPnNTX(MTRKS) * RSFNSR READ 49K
TPnNTY(MTRKS) * TIME READ 49C
IF (MTRKS .GF. MnImN) NWOUIT - 7 READ 491)
GO TO 90 READ 4qlSREAD SOO

C** •cnrVnY FNTEAS THE STRING READ 510
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C READ 52(0400 WRlTEINPRNT,1) NRCNV,, K, TIME,, ISP:N REA!') 530

C INCR. CNVS GENERATED REAM 54,0
NRCGEN(ISENS) a NRCGENtISENS) + I READ 550C NBR,, TRUCKS IN CONV HEAD 560

N a kOr)NCNVc, NSIZ3) REAr) 570
IF (N) 10009 410, '20 READ' 540)410 N * NSIZ3 READ 590

420 NRTRIIK(NK) = ISENS READ 600
GO TO 90 READ 630C READ 640

C**** CONVOY LFAVES STRING READ..650
C READ 60OSoo WRITEINPRNT,1) NRCNV, K, TIME READ 670

GO TO 90 READ 690C READ 490

C**** CONVOY STARTS THRU A SENSOR R.A0) 700
C IS IT THE LAST SiNSrR KEAD "710

600 IF (ISENS - LASTSN(K))90, 610, 90 REAl) 720
C YES. STORE BEGIN TIME READ 73n610 N a MOD(NRCNV, NSIZ3) REAL) 740

IF (N) 1000, 620, 630 READ) 750
620 N a NSIZ3 READ 760
630 REGTMF(NK) a TIME READ 770

C UPOTE LAST CNVV POINTER REA) 772
LSTCNV(K) a N READ 774

GOI TO 90 READ 780
C READ 790
C**** CONVOY COMPLETES A SENSOR REAL) 800
C IS IT THE LAST SENSOR READ RIO

100 IF (ISENS - LASTSNIK)) 90, 710, 90 READ 820
710 N = MOOINRCNV, NSIZ3) READ A30

IF (N) 1000, 720# 730 READ 840
720 N a NSIZI READ 850
730 FINTME(NK) a TIME READ 860

GO TO 90 READ 870
C READ 871
C**** PLOT POINTS IF USER PERMITS READ 872
C REAU 873
300 CALL GRAPH (0 . TIMF, NPRNT) READ A76

G1 TO IRFT, (120, .20, 320) READ R71
C READ 090
C**** SIMOILATION COMPLAIE READ 890
C REAl) 900

900 IF (KAAutAF) 9109 92* QI0 READ 902
910 IF (TIME .11T. G.APMAX) '.wOtlIT a 10 READ 904
915 CALL ,RAPH 40, TIME. NPRNT) READ 9D6

KAiOD KEAST + KEASTR + KFALSE + KTRKS + KWEST + KWESTR READ 907
1 • KFASTI + KWFSTI READ 907

IF IKAnD .AT. 0 I Go TO q95 READ 907
CALL eXITG,(I) READ 90A

920 CALL SIIMQY(NRTiIJK, NRC6EN, NSIZ3, NRCNOT. NPRNT, NRRTRK, NTRAJC, READ q10
I w , NH , NSENSR ,, NSNS v NWARAY R REAl) 9 0

C REAl) 9301
C**** MFSSAIES t FIIRMATS REA0' 940
C READ 9s0

1000 wRITEINPRNT, 1001) N. KQCNV, TIfF REAr) 960

1001| Fll(",AT(1'n* 't* Ert-44R U1r0 , 2•,1O F4.3) READ 9701
CALL EXIT REAll 990

1 FORMAT(11, 80X9 16, 5X, 1.2 3X, Fg.3, 3X, 13 H READ 990
oIwn READIOOO
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r. st'.~niTINF SETIMAV 23 NOV 1971 SRAY 10
C SRAY 20

C THIS ROUITINE IS UISED Tfl SET THE ARRAYS FOR PkINTING WINDoWS. SRAY 30
SRAY 40

StIRR11IgINE SETRAY IK9 to, WUPTM, WLWTM )SRAY 50
CfJMMON/GRAPHS/ DISTA * GRMIN , GRPMAX, GRPA4114, IDIMI 9 101M2
I KAGRAF, (EAST 9 KEASTR9 KFALSE* KTRKS , KWEST , KWESTR,
A MDIM3 , MnIM'. , MEAST , MEASTR, MFALSE, MTRKS 9 MWEST
a MWESTR, NOWINr). NW01JITo KEASTI,. MEASTl, KWEST1, MWESTI*
2 Z40O~o. AFALSX(200), AFALSY4?001, DIRPEX( 25). nIRpeyI 2.519
3 nIRPWXI 25), DIRPWYI 25), EASTLX0151)). EASTLYILSO),
4 EASTXIM15O), EASTYIMISO), POINTX(200)9 Ir0INTY(20O)9
s WESTLX(15O)o WESTLY(ISO), WESTOXIlSO), WESTUY115O)
6 *TLl5O),T'.FLSk(I00), TAFLSV(100)9' TDRPEXI 15)9 TORPEY( 15)9
7 TO)RPWXiIS1), TnDRpwylIS1)s TESTLX( 75), TESTLY1 75)9
a TESTUXI 75), TESTUYI 75), TPI)NTXIIOO), TP'JNTY1IOO)9
9 TWST(.X( 75)9 TWSTLY4 75),, TWSTLJX( 75)v TWSTU'VI 75)

£SRAY 70
IF IK - 2) 20. SO. 20 SRAY 80

C WEST8OUNr) $RAY 90
20 IF (WIIPTM..rE. GRPMAX) GOD TO 30 SRAY 100

KWEST a KWFST +I SRAY 110
WFSTLJX(KWFST) *TL(I SRAY 120
WESTIPY(KWFST) a WIIPTM SRAY 130

2S IF IWLWTM GlE. GRPMAX) 61) TO 40 tRAY 140
KWESTI a KWEST1 + I SRAY 150

WESTLX(KWESTI) a TLl) SRAY 160
WESTLYIKWEST1) a WLWTM SKAY 170

R ETURN SRAY 180
30 14WEST a MWEST + I $RAY 190

'TWSTUX(MWFST) u TLl) SRAY ?00
TWSTUYINWEST) v WUPTM SRAY 210
IF IMWEST GlE. (MOIM4 - 5)) NWOUITIa SRAY 212

GO TO 25 SRAY 220
40 MWESTI a MWESTI + 1 SRAY 210

TWSTLXIMWESTI) a TLl) SRAY 240
TWSTLYIMWESTI) s WLWTM SRAY 250
IF (MWESTI *GE. (MnJM4 - 5)) NWQUITw2 SRAY 252

RETURN SRAY 260)
C EASTBOuND SRAY 270

NO IF IWIIPTM GOF. liRPMAX) GO TO 90 SRAY 2A0
KFAST a KE4ST + I SRAY 290

EASTIOXIKFAST) a Tll) SRAY 300
EASTIIY(KFAST) w WUPTM SRAY 310

95 IP IWLWTM GfE. GRPMAXI GO0 TO 10)0 SRAY 120
KEASTi a KFASTI + I SRAY 330

EASTLX(KEASTI) a Tll) SRAY 340O
EASTLYIKFASTI) a WLWTM SRAY 350

RETURN SRAY 361)
of) MEAST m NEAST +4 I SRAY 370

YESTtIXIMEASTI a T7ll) SRAY 3140
TESTIJYIMFAST) w WUPT1M SRAY 3W40
IF (MEAST *GE. (mn)M4 S )) NW0IUIT*3 SRAY 34'd~

cot TO 1111 SKAY 4001
100 MEASTI a MFASTI I SMAY 41"1

TF-STLX(t4.ASTI). TLIl) SiRAY 4?11

TFSTLYfmFASTIlw WLWTM SRAY 4310
IP IMEASTI .GE. (MOIM'. - 5)) NW00lITm* SRAY 412

A ETtlRN SRAY 4.40
ENO SRAY 4S0
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C SiIIARY R0IIITINE M. BERMAN 9/27/71 SLIMY 10
C Slimy 20

SIDIR0IIT11E- S0MRY (NRTPIIK* NRCGEMg NSIZ3 I, NRCNOT9 NORNIT p NKRTRK, SLIMY 30
I NTRAJC, W itN B , NSENSRt NSNS ,SUNMY 32
2 NWARAY )Slimy 33

C SLMY 40
cnmmnN/XTR.A/ TIMIIN(11501. TIMFIN95C)t WPRI"E(I5,15e!), FCTSEN, RHO

I NA(lOD) ,JVA0'N110O), JASTMNIIOO)
DIMENSION NRTRUI((NSIZ3.,2)9 NRCGEN11)9 NRCNDT(1), W(NSNSNWARAY) t SLIMY 50

1 SIJMx(sn). SLIMXXf50), AVGNI(50) , STO(SO) slimy 6O
C Slimy 70
C**** DETECTION STATISTICS SLIMY 80
C Slimy 90

WRITEINPIONT91) slimy 100
ITOT1 a 0 51J1Y 110
ITnTZ w 0 SlvMY 120

00 20 1 -1, N9QTRK SLIMY 130
10 ITnTI a ITnTi + NRCGFN(I) Slimy 150

ITOT? w ITOT2 + N'RCN0TlIJ Slimy 160
20 WRITE(NPRNT,2) I, NRCGEN(I), NRCNDTII) Slimy 173

C TOTALS Slimy IS0

30 WRITE(NPRNT,3) ITOTIv !TnT2 Slimy 190

IP'4ANT a NTRAJC - ITOT2 SLIMY 210
WRITEINPQNT,4) IPHANT, NTRAJC Slimy 220

ISFT = 1 SLIMY 234
GO TO 34 SLIMY 234

C Slimy 230
C**** PRINT WEIGHT ARRAY AND GET MEAN AND VARIANCE FnR EACH SENSOR Slimy 240
C Slimy 250

32 ISET = SLIMR 252
HR I T FI NPR NT,,9) SLIMY 253

34 on 35 1 a Is NSENSR Slimy 254
SLIHMXI) a 0.0 Slimy 256

3s SlJMXX(I) a 0.0 Slimy 258
NTY 1 Slimy 260
NP a 15 SLIMY 270

40 IF (NP .GT. NSENSR) NIP aNSENSR SLIMY 280
WRITEE'JPRNT,5) (1, I1 NT, NP SLIMY 290

;)Ma NTRAJC/N9 Slimy 300
On 60 j a 1, nmSlm 1
WRITE(NPRNT,&),J,(WlIJ), I - NT v NP ISLIMY 320
nn 60 I - NT* NP Slimy 330

SIIMX1I) a SljMXII) + W(1 9 J) SLIMY 340
SIIMXX(I) -SUIMXX(I) +w1IJj) *W(IJI SLIMY 350

60 WIIJ) a WPRIMEIIJ) Slimy 3%s
C CALCULATE MEAN AND VAR SLIMY 360

nn 70 1 a NT, NP Slimy 370
AVCN(1) w sLIHXi/JOim SliMY 380

70 STni!)'ii Jf)Iwm*stimxA(())- (sumx(I)*SLIHxtm)/ SLIMY 390

(j0Im*4jImfj*1f) * .5 SLIMY 4(00
WRITFINPRNT, 7) 4AVGN(K), K aNT, NP ISliMY 410)
WRITEINIJRNT, R) ISTnIL), L. NT, NP) SLIMY 4t4

C SLIMY 470
IF INP nGE. NSENSR) GO TO 140 Slimy 4-40

*NY NP I1 SLIMY 44-0



-99-

NP uNP + 1S StliY 450
GO TO 4n SUNY 4h0

04 r IF fISFT ,F(. 1) GO TO 32 SLIMY 464
WRITEINPANT911) SIMnY 465
CTEMPORARY FOIR PRINTING AVERAGE ASTI'S CVALID
WRITE(NPRNT913)

nol 92 1 a1, NSFNSRI
AVAAST aFLnAT(J)ASTM'Ij(ifl/FLO)ATCiniIm)
AvGVAL *FLf)AT(JvbLFN(i1())/FLoAT(JDIi4)

92 WRITEtNP9NT*14) To AVGVAL, AVGAST
CALL EXIT SLIMY 468

100 A FTI R N SLIMY 470
1 FORMAT(1I-1, 20X9 32H*** CONVnY nETE*TIUMt SUMMARY ** I1SX9 SIMY 4'i0

I IIHCrINVOY SIZE, 4X, 13HNO. GENERATEn, 4X SLIMY 490
7 12Ht.Jf. nETFCTLFD//) Slimy 500

2 FORMAT12n)(, I1o 12X9 149 13X9 14) SLIMY 510
3 FnRMAT(12X, A;4TnTALS :, 14X, I5. 12X, 15) SlIMY 520
4 FnRM4TIIHn, 12X,15S4PHANTflM TRAJ a*13919H' TOTAL CONPIRMEn 16)ASUMY 530
5 FnRMATIIH1,53X. 37H*** SENSOR WEIGHTS Hy TIME PERIOD 0'**// SLIMY 540

1 12H TIME PEjRIOD9 5AX, 6HSENSOIR/ 15X, 15( 12,5X)//) SLIMY 550
6 FnRMATI SX.13. 4X# 15(FS.3*2X!) SUMY 560
7 FORMAT( AHOMFAN ,4X, 15(F6.491X)) SLIMY 570
8 FO)RAAT(11w0STflW n I ,jx, 15(F6.4,IX)) Slimy 580
9 FnRMAT (1H0, 20K, 12HITHFSE WEIGHTS ARE NOT SMOOTHED)) SLIMY 5A4

11 FORMA4T lImO, 2OX, 2PH(THESE WEIGHTS ARE SMOOTHED) SLIMY 584
13 FO'RMAT(1H1,'SENsflRo, 2XtIAVG.VALIDS'v 2X9 'AVG.ASTlS'//) SLIMY 585
14 FORMAT I 3X. 13,3K.FIO.3,2X.F1o.3) S1114Y 586

ENDl SLIMY 590
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C Q0IPITINF TRAJC4 M.a BERMAN~ q/15/71 7RAJ 10
c IRAJ 20)
C THI S ROUTINE IS CALLEO wHEt4 A CONJECTURED) TPAJFiCTORY IS CLOSEn TO TRAJ 30
r SEE IF IT IS Co-vFIR~qFT. fr- r IS THEN WF CHECK TO SEE iF EN~01;H 714A.) 40
C CO)NFIRMATIONIS HAVE bEr-N MAUE 711 CALCULAT PEW 4EIG1rHTS (A N60 TIME TRAJ 50

PF.RIon IS STARTEI)). 14HEN WEII',HTS ARE COMPUTED ANY HYPO-ACTIVE JP.AJ 60
C SENSOR IS -tEr~OvED FROM THE SIRING. TRAJ 70
c TRAJ 90

SUHRrIPUTINp TRAJCM(NRTJ ,N'ZCEL , K ,TIME 9 TOROP 9 CSENS 9 IR AJ 90
I INJACTV. I ASTSM'. NASTC.p NB ,ND. KNORSTR* NTJSTR* TRAJ 100
2 MSENS , NV , NTRAJC, k 9 TSHAR 9 WCAV 0 TI4AJ 1in
3 Wo NSNS , NSIZ3 , NRTJC ,NAiRTRK. REGTME* FINlTME, TRAJ 120
4 NCNDT , NRTRLPK, NPRNT ,LISTC-NV, NSN 9 NSENSReFTRAJ 130
5 TVEL 9 NWARAY TRAJ 134

C TRAJ 14n
C NRTJ - TAAJECTOrQY NUMBFER TRAJ 150
C NRCEL- TRAJFCTORY CFELL NO. TRAJ 160
C TIME - TIME (IF TRAJECTORY CLOSURE TRAJ 170
C TRAJ IHO
C 'TRAJ 190

COmmnN/XTRA/ TIMIINO(50), TIMFIN(50p, WPRIME(15,150), PCTSEN. RHO
I~ , AhOO0) ,JVALMN1100)v JAST'4N(100)

COMMON/GRAPHS/ DISTR 9 GRMIN , GRPMAX, GRPM1'ri, IDIMI, 1t11-2
1 KAGRAF, KEAST , KEASTR, KFALSE, KT'qKS , KWEST , KWESTA

A MDIM3 , MDIM4 9 M)EAST 9 -*-IFASTR, MFALSF. MTRKS ,MWEST

0 OWFSTR* NOWIN09 NWOPIIlTo KEAST1, MiAPSTI. KWFST1, rI-IEST 1
*2 Z(200)v AFALSX(200), AFALSY(200), DIMPEX( 25), UIRPJEY( 25),

3 nIRPWX( 25), OIRP4YI 25), FASTILXIISO), EASTLY(15n)o
4 t5ASTLIXJ 150), 'ýASTIJY 11s0) , PoIINTX(2ti(), 9 OINTY(200),
5 WESTLX11501), WESTLY1150), WESTIUX(15O), WESTUY(150).
6 TL150),TAFLSX(I00)* TAFLSY(l00), TORPEX( 15), TDRPFY( 15),9
7 TORPWX( 15)19 TP)4PWY( 15), TESTL)II 75),9 TESTLY( 75),

A ~ TESTUX( 75), TF-STiJY( 75). TP07NTX(lo0), TPPYJTY(t00),9
9 TWSTLX( 75), TWSTLY( 75), TWSTIOX( 75), 14STUY( 75)
DIMENISION NASTCeINRTJC, 2, NSNS), NTJSTR(l)v ND)RSTR(l), TRAJ 20fl

1 LASTSN(1) , NV()I R(1I) , INACTV(1 ) , I DRD9 I, 1TRAJ 210
2 ,TSHAR(NSN,2), PF.GTMEfl), FINTMEM9) NCNnT(1), TRAJ 220
3 KRTRIJK(1)v LSTCNVil) *TVEL(NSNt2,2), wINSNS,NWARAY) TRAJ 222

C TRAJ 23n
mnIRIND u o TRAJ 2d-0

NAS m 0 TRAJ 2550
AW v 0.0 TRAJ 260
N2 x (NT.RAJC +Ng)/Ng TRAJ 2h4

C TRAJ 77(l
C**** M~IN~T AND WEIGHT THE ADMISSARLE STRIPS IN THE TRAJECTORY TRAJ 2f-(
C TRAJ 290o

nfI 100 I - 1. NSENSR TRAJ 3001
CADMSALE STRIPS JRAJ 310

HAS v NAS + NASTC(NRTJ#K,I) TRAJ 320
C WEIGHT nF SImIpS TKA.I 330n

Ion AW m AW + NASTCINRTJ,KI) * WPRI'4EI1,N2) TRAJ 340
C 7R AJ 3s0

c~TR Aj 360O
C**** nn WPIGHTS AND Nit. nF STRIPS CONFIRM A TRAJECTORY ? INA.J 1170
C TRAJ 3mn

IF lh,.;A - SFS)12, 1. 110 IRA.) 3(I
110 IF lAw - hAP) 170. 200o, 200 IRA.) 40(1(



120 q~w~m RAJ 410

c IRAJ 42n
~ T~AJCTORY CONFIRMEn 8~ 3

c TRAJ 440
200 NTRAJC - NTRAJC + I RA 442

N MOOINTRAdCNA) TRAJ &d-3
IF (N) 2209 705, 220 T'RAJ 443

205 NaNP-NM TRAJ 445
C SUM AnM STRIPS CONTRIHOTEn TR A. 460

220 00 210 1 a 1 9 N'SEVS TkAJ 470
210 NAMI NAII) + NASTC(NRTJ.KtI) TRAJ 4a0

WRfT~fNPANT* 1) TIME, K, LASTSN(K) TRAJ 530
C TRAJ 531
C**** SET GRAPH OUTPUT TRAJ 532
C TRAJ 533

IF f (KArRAF *EQ. 0) .OR. (NOWIND .EQ. 01l GO TO 280 TRAJ 533
IF (K - 2) 225, 230v 225 TRAJ 534

225 IF (TIME oGE* GRPMAX) GO TO 227 TRAJ 535
KwESTR a KWESTR + I TRAJ 536

0IRPWX((KWESTR) - .975 IRAJ 537

DIRPWY(KWESTR) TIME TRAJ 530
60n TO 280 TRAJ 539

227 MWESTR a MWESTR + 1 TRAJ 53A
TDNRPWX(MWESTR) u q~75 TRAJ 53H
'rmRPWY(MWESTR) a TIME IV4AJ 53r

r0 TOJ 2F.0 TRAJ 531)

230 IF ITIMC .GE. GRPMAX) Gn TO 232 TRAJ 531-
KEASTR vKEASTR + I TRAJ 53F

DIRPPXIKEASTR) = .025 TRAJ 53G

OIRPFY(KFASTR) a TIME IRAJ 53H
GO TO 280 TRAJ 531

232 MEASTR a MEASTR + I TRAJ 53J
TnRPEx(MEASTR) u.02s TRAJ 53K
TnRPEY(MEASTR) - TIME TRAJ 53L

280 CALL CNTTRJ(TII1E , F . K , EGTME, FINTME9 NRTRUK* NCNDT.TRAJ 540

1 NSIZ3 , LSTCIJV I TRAJ 550
C TKAJ 560
C**** HAVE 8 TRAJECTORIES BEEN CONFIRMED 7 TRAJ 570
C rRA~j 580

IF (N - NO) 1209 300, 300 TRAJ 590
C TRAJ 600
C** YESI TIME PERIOD IS COMPLETED. COMPUTE NEw WEIGHTS. TRAJ 610
C TRAJ 620

300 S11MA 0.0 TRAJ 630
N2 uN2 + I TRAJ 634

IF (N? *GT. NUARAY) GO TO 1080 TRAJ 636
WRITEINPRNTq5) (NV(J)t JOI.NSEIJSR1 TRAJ 637
WlRITFlNPRNTqA) (NA(J), J-1,NSENSRI TRAJ 63M

310 nf) 4qn I - .NSENSk 7RAJ 64n

CRATIO AfDM STRPS TO VALII)TRAJ 720

3Aý0 Rif) a 0.0 TRAJ 724

6n TO 380 7RAJ 726

'170 Rill * £MAX1(0.,FLD)AT(NA(Il)*(AMINIEI..(1..((PL(IAT(NA(Il)/ 7RAJ 73n
I FLIAT I'i mo) *02 )- FLOAT I NV I I /FLOAT ( 4*NgRp) ) I) )

c ZERO0 VALIO STRIP CNTR. TRAJ 740
34o) JVAL.MNII) *JVAILMN1I) *NV(I) )MAJ 74?



-102-

JAI o I) J JASTMN (I + NI A I) TRAJ 744
NV( Ill 0 TRAJ 7 0ho
NA(Il) = 0 TRAJ T50i

39 RaSI)McR+K Id TRAJ 760

C 44t* 11SING R R 51)1M OF R CALCllLATE NEIGHTS FOR THE NEW TIME PERIOD TRAJ 780

rlO Sno0 I a I *NSE"ISR TRAJ ROO
WfI,N2) *RII)/SUMR TRAJ 8 10.

WPRIME(Io,N2) x(1 -41-10) * W1102Z) + RHO to WPRIMEl(IN2-1)) TRAJ 915
C 15 WT. BELOW MINIMUýS, lo TRAJ 920

IF 4IOROPMI) 1030, 399, 500 TRAJ 822

394 IF IWPRIME(1,N2) - CSFNS'I 400, 400, 490 TRAJ 830I
C YES! INCR. CNTR. TRAJ 840

4o0 INACTV(i) INACTV(I) e+ I TRAJ 850

C MOR.E THAN) 0 PERIODS 7 TKAJ 860
IF (INACIVIA) NO)jr 500, 410, 500 TRAJ 870

C YES! REMOVE SENSOR I TRAJ 880
410 IDROP(I) I TRAJ 890

WAITE(NPRNT,3) I TRAJ 894
NnAIND = TRAJ 900

G1O 500Sn TRAJ 910
C NO! ZERO INACTIVE CNTR. TRAJ 920

490 INACTV(I) a 0 7RAJ 930
So0 cONUNUIE TRAJ 940

GO TOl 550 TRAJ 941
550 WQITE(NPRNT,2) I WII,No2)9 I= 19 NSENSR) TRAJ 944

WkITE(N.PRNT*4) (WpRtIME(Io,N2) , 1a ,NSEENSR) TRAJ 945
C TRAJ 950
C**** IF A SENSOR 4AS D)ROPPED UPDATE THES SENSOR STRING TRAJ 960
C IRAJ 970

IF IND)RINO) 120, 120, 600 TRAJ 98R0
600n LIVSNS a 1 TRAJ 990

IF -I LASTSNI1) TRAJ1OOO
(.05 Nt a LASTSN(2) TRAJIOlO

C (A) 00 WESTBOUND UPOT FIRST IRAJ1O02
IF(IDROP(NI)) 1030. 700, 610 TRAJ1030

C ~THE FIRST SENSOR IS GONETRAJ 1040
#.10 LASTSN42) - NL + I 1J15

GO TO 605 TRAJ 1060

c CHECK MID) SENSORS TRAJin7lO
700 NL -NL+ I TR AJ JOA

IF 4IDROP(NI) 103n, 730, 710 TRAJIO9O

710 TSIAARINL-191) TSRAqINL+1.1) + TSkAR(Nl-,l) TRAJiI11
TVFL(NL+I1,1#)v TVEL(NL+1,1,1)+ TVELINLoolooll TRAJ1112
YVFLINL+l,1,?) = TVELINJL+1,1,2) + TVELINL,1,2) TRAJ1114
TVFL~fA.,1,1) - 0.0o TRAJ1116
7VEL(NL,1,2) a0.0 TAII
TS8AAR(NL,1) x 0.0 JR AJ11?0)

GO TU 740 7RAJ113')
730 LASTSN~l) wNL TRAJ11140

LIVSNS a LIVSNS + I TRAJ11).1sf
C SFE IF THRU THE STRING. 1 R AJ 1160

740 IF (NL - PL) 700, 7`50, 75n 14tAJI'tf)
011U1T IF T'o-i FEW SENSOR'S TR A-1 I I~k

750 MSý-NS DCTSFN *LIVSNS1AJ1
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k ~S~S- ) 1070, RMO, IWO0 1RAJlIYO)
C(8) 00 EASTMIjONi t)IRECf IIN 1RAJ12t00

POO N L LASTSWM1 194J12 10

KL = LASTSN112) TR 4J1 22V

NI)r Nt KiL - TRAJ1?30

IF(OQPN) 030, M3.ROTR AJ124-0
IF Ui'O(N) A0 IO(PATE TINE ST..N SEtqS0RS1RAJ12t,0

P 1 TSARA"I'L-1, 2) = 'fSHAR(NIL-1,2) + TSt3ARINIL,2) TRAJ1260(

TVELINiL-1,.2 = TV"L(NL-1.P,1) + TVEL(NIL9291) 7RAJ1262

TVIEL(NIL-19292) 4TV~fL(NL-1.2,2) + TVEL(NLt?,2) 1RAJ12h4

TvEL(NLt2t2) =0.0 TRAJ1268

IVELINL,2,I) 0.0) RJ16

TSFRARINL92) 0.0 TRAJ1270

830 IF INL - 9(L) 1209 120, A05 TRAJ 12H0

C 
TRAJ1290

103n WQITF(INIPRMT,10341) I0Rnp(NL), NL ,KL TRAJ1350

1031 F0RMATf15H0*** F.RRflR 410 , 3110) TRAJ1360

CALL EXIT 
TRAJ1370

jn7o 4ITF(M~PRMT,li071) MSENS, LIVSNS, (IT)RnP(l), 1 1, NSENSR) TR~AJ1380

1071 FORMAT(21H0THERF ARE LESS TH-AN , 13, 23H SENSORS IN THE STRINIC., TRAJ1390

I 11 THERE ARE , 13/jH')v(40tI2,lX)) )TR6J1400

10'P1 FrilRMAT(15H0*** ERkflk 413 , 216) TRAJI'-13

CALL EXIT TRAJ1414

I F0kMMATI2ONI)TQAJ. Cftl~FIRM-Fr AT* , F8.3, 6H 01P. # 12v MH SENSOR ,13)TRAJ1420

2 FflRMATA 1QH THF IJPOATHO W(I) :,2X, ISF6.3/(21X,15F6,.3) ) rRAJ14Z2

3 FnAMAT(28W-IRF-M0VVI HYPOACTIVE SENSOR :. 13) TRAJ1427

4 F(1RNATI 1QH THE 14PRIMAI) :,2X, 15F6.3/(21X,15F6.3)) TRAJ142M

5 FnRMAT17H VALI.OS.2X .2014/ t9X,20I1-)) TRAJ1429

6 FORMAT(7H ASTI'S,2X v2014/ (9x,2014)) TRAJ1429

E ND TRAJ1430
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C SlUtRDUITINE TRANSFER 23 NOV 71 TRNS 10
c TRNS 20
r TRANSFER THE r1VERIMES TO) THF PRIMARY rRAPHING ARRAYS IRNS 30
c T RN S 40
r M I - TsE NIJMREQ OF OVERTIMES IN THE ARRAY TRNS 50
c M2 - THE CrlINTFýR OF THE PR IMAQY GRAPHI'h, ARRAe IRNS 60O
r, FC E11 - THE EAST (RAPHING ARRAY TNNS 70
C W4 1) - THE WEST GRAPHIING ARRAY IRNS go

C TF f1) - TWF EAST IIVFRTIME ARRAY TRNC 90
C TWI 1) - THE WEST OIVERTIME ARRAY TRNS 1.00
C T RN S 110

SURROIITINE TRNSFR (Ml, M2, E, Wt TE* TM) TRMS 120
C TRNS 130

DIMENSION Eli). WCI). TEll), TW(Ij IRNS 140
C TRNS 150

IF (MI) 10. 100, 10 TRNS 160
in) 00 20 1 -v1. mj TRNS 170

M2 *M2 + I TRNS 180
AElM?;) TEll) TRNS 190

20 WIM2) TWCI) TRNS 200
MI.* 0 TRNS 210

C TRNS 220
I100 RETUJRN TRNS 230

FN() TRNS 240
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C RrltITIINF V.ALTOS M. 6ERMAN 10 SEP~T 71 VALO I(
C V A L) 20
c THIS RUAIITINE CHECKS EACH nETFCTIOiN AS IT ARRIVES TO SEF IF IT VALt) 34
C SHII)DLl gr Anffn TO A VALID STRIP. IF NnT IT CHECK'S Tn SEE IF ANY VALr) 40

C CIIQRýt-wT ojPrN WINDOflWS SHnoLD) Rf CLOSED. IF A VALID STRIP IS VALO 50
C C0mPIgETFD IT IS CHFCKED FOR A0ThISSAtHLITY AFTER WIN004S ON ALL. OTHERVALD 60
C SFNZ-oIHS ARE CHECKED FOR CLOSIURE. VALO 710
C VALD 80

SuRR PUT INF VAL IOS I I DROP, IKTkAJ, INACTV* LASTSNv fiWlNfO, NAVLIn, VALD 90
I NASTC, NDRSTR# NDFTEC9 NUIPENT,9 NRTRAJ. NN4STR, VALD I Or
2 N".1, R,9 TMEFST, TMELST9 TSHAR , UPW.\j0 9 14 VALO 110
3 WL14TM, W0PTM , IK o 9EGTME, FINTME, NRGEN , VALn 120
4 NCNDT 9 NRTROK, NRTJC 9 NH4RTRK, NENI) , NSIz3 ,VALO 130

5 NSNS , BETA , IWCNT , NSENSR9 MSENS , CSENS , VALD 140
6ND , .NP , NTRAJC, LSTCNV ,NOISK ,NPRNT VALD 150

7 JSR 9 TMESR, WCAP vNWARAY IVALD 154
C VALD 160

DIMENSION 1flROP(l), NOETEC(II 3 TMEFST(1)v TMELSTII), NV(1) , VAL)D 170
I IKTRAJI1)t INACTV(Lv IASTSN(I)v ?iWWNOC(1). NAVLID(l), V AL ) 172
2 NASTC(I3, NnIRSTRI1), N0IRý"T(l3, NRTRAJ(1l, NTJSTR(13, VALO 173
3 R(Il~ TSfBARM1, 'JPW-Ni(1), W(1), WLWTM(I)q WU?Tll(l), VA~LD 174
4 11341)9, REt;TME(l), FINTM~F(1)v NRGEN1l)sNCNDT~l), VALD 175
5 NRTRIJK11), LSTCNV(1)9 JISR(1) vTMESR(1) VALD 175

KSWTCH 0 VA~L) 177
JSWTCH 20 VALD 17R

CVALD i P.0
C** REan THE SENSOR Nn. AND TIME OF DETECTION FROM THE DISK VAL~r) 190
C VALD 200

100r CLLL RFAD(iEcTME-, FINTME, NIRTRUK, NRGEN , NSIZ39 NfOISK9 NCNDT , VALD 210
INPRNT, I tTjHE9 NbRTRK, NTRAJC9 LSTCNV, LASTSN , VALO 212

2 NWARAY, W p Nb , NSENSR, NSNS IVA~LD 213
MSWTCH = 0 VALD 21'

C VA L n 220
C**** IS TIHIS DETECTION' THE lBEGININC, OF A NEW STRIP ? VALD 230
C VALD 240

TMECHK TIME - TMELST(I) -BETA VALD 2630
IF (TMFCHK) 105, 105, 110 VA~LD 26n

C, VALD 270

C** NO! CONTINUE THE STRIP - IJPO)A'E LAST DETECTION COUNTER VALfO 2sn
C VALO 290

105 TMFLST(II a TIME VALD 300

NDETFCII) m NOETEC(l) ,i VALD 310
GO TOl 10n VALD 320

C VALI) 330
C**X YES! ITS THE BEGINING OF A NEW STRIP. W~AS THE --RFVIO!.S ONE VALID? VALD 340
C VALn 350

110 IF (NOPFTC(II - IMCNT) 112* Ith, 116 VALD 360
112 JSWTCH a 0 VALl) 362

MSWTCH = I VA~L) 364
GO TO 209 VALD 366

C. VALr) 370
C**** STRIP WAS NOT VALID. CHECK ALL WINDOWS TO SEE IF ANY SHOULID CLnSE.VALO 3R0
c vALI) 390

115 CALL CHKWIN(InR04P, IKTRAJ* INACTV. I.ASTSN, H'iWND. NAVIJI), NASTC -VA~n 4)00
1 ND.4STQ, NPRNT , r'IDPFNT, AIRTRA.1, kiTJSTRqNV. R .TMIEý-SMW)VLD 410
2 .TMELST l) .TSRAR 9 lIPWNJ- . 14 , WL14TM .6lUJPTM , Is . VALD( 42f)

3 lPGrTME, FlhtTME, NR(;EN 9 M'CNOfT ,'N(THlfK,A'RTJC 9 PHMTAK, VALI) 4,3n
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4 NFmi) ,NSIZ3 ,rjNSNS , IgEra , CNT *NSENSR, rsSE'\S *VALV) 4&n0

5 CSENS , nD N'is 1. 0 , NTRAJC, LSTCNIV, WCAP ,THFLST, VALD 45

5 TMEFST, NWARAV VALI) 454
rdl To' 130 VALO 46n

C VALD 47n
C**** YES ITS A VALID STRIP. SEE 17 ANY W4INntOws ON nTHFR SENSORS SHOiuLD VALD 490
cov** HE CLOSED. INCREMENT VALID STRIP COUNTER. VALD 44(1

C VALD 500
116 Nyu) NVIU) +1V 1

VALO 511
C**** CHEEC'( ALL OIHER SENSORS FflR VALID STRIPS VALn 512
C VALO 513

209 j -0 VALO 51.4
ISORT a 0 VALO 515

ASSIGN 1.23 TO MASSN VALD 516
117 J a J + I VALO 517

IF WJ - NSENSR) 3009 300t 2n4 VALO 5I8
300 IF IJ- 1) 118, 1179 118 VALO 519
hIA IF (NOETEC(J) - IWCNT) 117. 301, 301 VALD SIA
301 IF I TIME -TMELST(JI - BETA) 117, 117, 119 VA~LD SIA

C VALD 51(A
C**** STRIP IS VAID PLACE IT IN LIST VALn 51C
C V4Lr) 5110

119 IsORT a. ISORT + VALU 51E
TMIf'SR(15IJRT) =TMELST(J) VALD 51P
JSRIISORT) xJ VALn 5IC,

610IJ) NVIJ) + I VALD SIG~
NnETFCIJ) 0 VA~Ln 51G
IF ITMELST(J) .GF. TMELST(II) JSWTCH I VALD 5 1 G

K1SrwTCH - I VALn 51H
GO TO 117 VALD SIH

C SORT LIST ON LOW TIME VALD 511
120 NN1 a NSENSR - I VALO S1J

no 122 1(1 a 1, NNI VALD 5 1'(
K2 0 1(1 + I VALD SIL

no 122 K3 a K2. NSENSR VALD 51M
IF fTMFSR(KI) - TMESR(K3)) 122, 122, 121 VALD 51.-1

171 TEMP a TMFSq(KI) VALD 51to
TUErRIKI) m TmESAI,(3) VAL-n 510
TMESPIK3) a TEMP VALO 510

ITEMP a JSf'IKI) VALD S!
JSRIKI) a ISRIK3) vALO S15
JSRIKI) a ITEMP VALD 511

122 CO)NT INUE VALn 5 1T
C VALO 51%,
C**** FOR EACH VALID STRIP CLOISE ALL WINDOWS AND CHECK FOR ADMISIRILITY.VALr) S10
C jaTa0VALD SIX

ISOR * 0VA~L) Sly
123 ISnqT mISORT + 1 VALO %411

J w JSR(ISOnT) VALD 52,1

C.IF IJ -99999) 124. 201, 201 VALD) 5?1
20 n23Ki*1 SH RESET SpEnOR SORT LIST vALD ',?P

?()I nil701 I a1. InxTVAI) 5%)A
TMFSR(KI) *9941994. V&Ln s;? 4

203 J'S4I,(11 99999 VA~n 5;04
KSwTCI4 0 VA~n ~

pn4 I F IKSWTCH) 20%, 20S, 120 VALO "
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20ii IF- IMSVI.sCH) P06o 2-07. 206 VALr) 524
206 IF IJSWTCHI 115# 115, 130 VALO 524
2n7 ASSIA~N 130 Tn MASSN VALO 526

j a Vt.Ln 527
124 CALL CHKwINfIn4OP 9 IKTRAJ, INACTV9 LASTSN9 8WWN~0 ,NAVIIO. NASTCvvLO) 529

1 Nt)RSTR# NPRNT ,NflPE.AlT, NRT4AJv NTJSTRj NVR#THF.FST4JIVtALI) 53n

2 ,TMhLSTI.J) q TSI4AR lIPW4Nf) , W v LWTPO 9 WUPTM 9 IS , VALD 540

3 REGIME, F!NT'4E, NIIfiEl , NCNI(T 9 NRTRUK . NRTjC 9 NKRTPKVALn 550

4 ,NENf) s , Z , NSNS q RETA v IWCNT # NSEN'SR* MSI;.iS,VbLD 560
5 CSENS 9 NO 9 NS IJ , 1 9 NTRAJCLSTClYV#VALt) 570)

6 WCAP * TM.ELST, T4EFST, NWARAY I VALO 570
C VALD 5RO
C~*** CHECK THIS VALID STRIlP FOR AOMISSABILITY IF SENSOR IS IN STRING. VAiL) 590
C VA~L) 600

IF MIROP(J)) 1000, 1259 127 VALD 610
125 CALL CHKAON(IOROP t IKTRAJo INACTV, LASTSN, BWWND 9 NAVIID. NASTC VA~L) 620

1 ,NnASTR, NPRNT t NOPENT, NRTRAJ, NTJSTR# NVRvTMEFSTIJIVALf? 630

2 .TP4ELSTIJ), 7SI4AR # tJPUND W 9 WLWTM , WtJPTI4 v 18 vVALn 6&nf
3 BEGTME, FINTME, NRnEN K NNOT , NRTBIIK, NRTJC * NBRlTRKVALD A50
4 9 NENI) , NSIZ3 # NSNS 4 ETA v IWCNT ,NSEN'SR, MSENS,VALn 66nl
5 CSENIS * NO NB q J , NTRAJC ,LSTCNV, WCAP. VAiLn 670
6 lwWARAY IVAiL) 67n

127 GO TO MASSN, 11239 130) VALD 675
C VA~LD 6HO
C**** START A NEW STRIP VA~LO 690

CVALD 70n
13n TMFFSTIJI a TIME VALO ?1n

TMEIST(IT m TIM4E VALD 720
NOETECCII a IVA~Ln 730

90 TO 100 VALn 74n

C VA~LD 750
C**** ERRnq MESSAGES VAiLn 760
C vALO 770
1000 WRITE(NPRNT# 1) IflqOP(J), Jo TIME VALO TM!)

1 PORMAT415HO**** ERROR 200, 2110, F10.3) VALI) 790
RE TURN VAil) 800
EN4D VALO 010


